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ABSTRACT 
The investigated area covers the maximum fragmellts of Dubai offshore in the Arabian 
Gulf. The sediment samples were collected from fifteen stations starting by Al-Mamzar 
mouth and endillg by Ras Gltantoot in order to assess the organic and i"organic 
pollutant affecting the coastal region in DubaL 
The textural class was determined through grain-size analysis and the mineral 
composition was identified by X-ray diffraction. TI,e organic pollutants were 
characterized through tire determinatioll of total organic carbon (TOC), total Kjeldahl 
nitrogen (TKN), total petroleum hydrocarbons (TPH), polycyclic aromatic hydrocarbons 
(PARs), polych/orillated biphenyls (PCBs) and individual polychlorinated biphenyls. On 
the other hand the inorgallic pollutants were carried out by determillation of some major 
oxides and trace elements concentrations, illcluding heavy metals. 
The present study indicates tlrat most of the illvestigated area is covered by unpolluted 
sediments except for the northeastern part of the investigated area, which reflects a 
Ireavy polluted case. High levels of TOC, TKN, TPH, PARs alld PCBs, in addition to Cu, 
Pb and Zn were reported at station 6 (Al-Hamriya St 3). AI-Hamriya St 3 represents tire 
most contaminated station. But the highest values of TKN, Fe, Mg, Cr, Ni and V were 
reported at stations located in the southwestern part (Dewa and Dubal). 
High positive correlation between TPH and TOe suggests that TOC could be used as 
indicator of oil pollutioll in heavily oiled sediments. The frequency distribution of 
pollutallis ill the study area and the high relative S.D suggest an anthropogenic source. 
The association of copper, lead and zinc with TPH and TOC in absence of V and Ni 
"ugge t that these pollutant are /lot related to crude oil and can be attributed to the 
pre ence of other contaminants. The negative correlation between Na and each of TPH, 
TOC, TKN, Cu, Pb and Zn may be give evidence of fre hwater input. 
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A the use of coastal areas has increased for residence, recreation and commerce purposes, 
pol l ution of coa tal waters has increased as wel l .  Coastal waters are in greater risk of being 
pol luted than the open ocean for two reasons: 
( i ) More pol l ution is  dumped into coastal waters than into the open ocean; 
( ii ) Coastal waters are not wel l  circulated as the open ocean. 
Thus, many of the concerns of pol l ution are focused on coastal waters (Thurman and 
Truj i l lo, 1 999). As far as the marine environment is concerned, there is a great difficulty 
in  assessing the degree to which pol lution is occurring. Therefore, scientists cannot tel l  
how these pol lutants have altered the marine environment. 
In essence, there is  no adequate basel ine studies from which scientists can compare 
pol luted versus unpol luted regIOns. And since the marme environment is affected by 
decade- to century- long cycles, it is difficult to determine whether a change is due to a 
natural biologic cycle or whether it i s  caused by any number of introduced pol lutants, 
many of which combine to produce a new compound (Thurman and Truj i l lo, 1 999). The 
majority of new chemical compounds created each year are organic (carbon-containing) 
complexes. Many thousands of the e compounds, both natural ly occurring or synthetic, 
are widely used as herbicides and pesticides, as wel l  as in a variety of industrial processes. 
orne are carcinogenic, some are directly toxic to humans or other organisms and others 
make water unpalatable. Some also accumulate in organisms as the heavy metals do. 
i l  pi l l , are one ource of orgaruc compound pol lution. At least as much additional oi l  
pol lution occurs each year from the careles disposal of used crankcase oi l ,  dumping of 
bi lge from hips and the runoff of oil from city streets during rainstorms (GESAM P, 1 993 
and Montgomery, 1 995) .  Oil i a complex mixture of hydrocarbons and other substances, 
inc luding the elements oxygen, nitrogen and sulfur with various trace metals. The other 
kind of organic compound pol lution is polychlorinated biphenyles (PCBs). The laboratory 
te ts revealed that PCBs have been implicated in reproductive and immunologicaJ 
abnormalities observed in terrestrial bird and in marine mammal populations. Also caused 
stomach. and l iver ai lments and other problems ( Boon et a!. , 1 992 and Montgomery, 
1 995) .  Many of the inorganic industrial pol lutant are potential ly toxic metals. 
M anufacturing, mining and mineral-processing activities can al l increase the fluxes of 
these natural ly occurring substances into the environment and local ly increase 
concentrations from harmless to toxic levels ( Montgomery, 1 995) .  
The organic compounds have ferti l izing effect on the marine environment. The breakdown 
of excess organic matter not only consumes oxygen, but also releases a variety of 
compounds i nto the water, among them nitrates, phosphates and sulfates. Their abundance 
in water strongl y  encourages the growth of plants, including algae. This development is 
known as eutrophication of the water; the water i tse lf  is then described as eutrophic. 
Decomposition of algal plants can lead to severe depletion of oxygen in the water column, 
which cause mortal ity among fish ( Montgomery, 1 995) .  Reproductive, developmental and 
behavioural processes are very sensitive to exposure to hydrocarbons. The acute toxicity 
occurs due to components of the water-soluble fractions and dependent upon conditions 
and duration of exposure based on GESAMP (Joint Group of Experts on the Scientific 
Aspects of Marine Pol l ution, 1 993 ) reports. 
Heavy metals such as Cd. Pb, Ni, V, Cu, Cr and Zn have toxic effect on the ecosystem. 
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Hea _ metal are per i tent toxicants and accumulate in l iving tissues for many year ; the 
high c ncentration of trace metals can cause acute damage to aquatic l i fe. Mining and 
proce ing heavy metals in particular can increase the rate at which the heavy metal 
weather out of the rock into the environment. orne industries have also di charged 
c ncentrated do es of hea metals into water bodies. Petroleum production, fert i l izers and 
chemical industry are another sources of heavy metals to the marine environment 
( Montgomery, 1 995) .  Studies of trace elements have also included the possibil ity that the 
transfer of these elements through food chains may adversely affect human health. The 
effects of lead on marine biota have been reviewed by GESAMP ( 1 985). Most of the acute 
toxicity experiments with marine organisms indicated that effects were seen only after 
exposure to bigh concentrations. 
In l ight of a high production of petroleum from the Arabian Gulf countries together with 
the transportation of increasingly large quanti ties, an increase in petroleum hydrocarbon 
levels in the marine environment of United Arab Emirates along the Arabian Gulf is 
expected (Shriadah, 1 998a). In addition due to the industrial activities which, concentrated 
around Dubai Creek, AI-Hamriya and Dry Docks, it is expected that these areas may show 
high levels of organic and in organic pol lutants. Besides affecting human health through 
the food web these pol lutants pose a great threat to marine ecosystem in different ways and 
reduce the recreational uti l ity of coastal waters. 
1.2 Literatu re Review 
everal researchers provided significant information on the concentration of petroleum 
hydrocarbon and heavy metals in the sediments in many parts of the world. Such studies 
reflected the levels  of oil and trace metal pol l ution in the Gulf post- 1 99 1  war. Fowler et af. 
( 1 993 ) concluded that the post-war levels of PAHs in sediments were no higher than 
3 
concentrations. which ha e been reported for coastal areas in northern Europe and the 
nited tate . Als hi ob ervations have demonstrated that concentrations of trace metals 
are omewhat elevated in heavily oiled sites of nearshore Gulf sediments. 
Literathy ( 1 993 ) provided a reasonable interpretation for the low level of petroleum­
related compounds post- 1 99 1  war. This was referred to the high rate of oil degradation 
and transformation due to the high temperature and strong solar radiation inten ity, which 
re ult in fast photo-oxidation of poly aromatic compounds. 
Basaham and AI-Lihaibi ( 1 993 ) reported that trace metals concentrations in the sediments 
of Western Gulf showed a spread of values that was related to the variable sediment 
composition. The total and non-detrital element concentrations in the different types of 
ediments were within the range published in the literature for unpolluted areas. 
Massoud et al. ( 1 996) suggested that polluted areas reflected the direct effect of the 1 99 1  
Kuwait oil slick. The high levels of TPH found at muddy sediments. On other hand TOe 
measurements were not found to be useful indicators of petroleum hydrocarbon pollution 
in these marine sediments throughout the Arabian Gulf. 
There is few data available on the levels of hydrocarbons in the sediments, e pecially from 
the Arabian Gulf coasts of UAE. Information on the hydrocarbons and heavy metals, 
biological productivity, and biodiversity of Dubai coastal region has been published by the 
EPSS (Environment Protection and Safety Section) of Dubai Municipality as annual 
reports (Dubai Municipality, 1 996). 
Valuable information on trace metals contents in bottom sediments of the Arabian Gulf 
were provided by AI-Abdali et aZ. ( 1 996). With exception of Fe, all chronic and present­
day trace meta) concentrations were found to be within the pemtissible natural background 
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level in off: hore areas. Thi indicates that the oil slick had minimal effect on the state of 
p lJution by trace metals in the Arabian Gulf. 
hriadah (1998a) reported, based on data provided from several areas around the world , 
that mo t of the sediment collected from the Arabian Gulf coasts of UAE contained 
quantifiable amount of petroleunl hydrocarbons. Also he found in his study on the levels 
and di tribution of petroleum hydrocarbons in the coastal waters and sediments of the UAE 
in the Arabian and the Gulf of Oman that the sediments contained appreciable quantities of 
petroleum hydrocarbons. Total organic carbon could be considered as an indicator of 
hydrocarbon contamination only when the total petroleum hydrocarbons are present in 
high levels. 
AI-Qubaisi (2001) reported that the concentration of organic carbon in the coastal areas of 
UAE were comparable with the data which, described by previous researchers on the same 
environment. The low values of various metals indicate that sediments of the offshore of 
UAE have minimum metal pollution accumulations except ofNi (AI-Qubaisi, 2001). 
Data on heavy metal pollution in bottom sediments in Dubai coastal region has been 
provided by EI-Sammak (2001). He concluded that the results were comparable to the 
previous published data, especially those on the same area. The discrimination of the area 
into two regions is mostly based on the organic matter, carbonates, and the variation in the 
metal contents. The lowest values for pollution load index (PLD were found in lagoon area, 
while the highest values were found in the creek channel. 
Recent report on the level of heavy metals in Dubai Creek has been published by Deshgooni 
(2002). It was concluded that there are two distinct geochemical zones characterize Dubai 
Creek. One identified as a polluted upstream region, and the other one is comparatively less 
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polluted downstream region. The level of heavy metal is 8 times higher in the downstream 
and 23 times higher in upstream than the reference station of Dubai Coastal Environment. 
After the Gulf War 1991, many investigators concerned about the marine pollution and the 
effect of Kuwait oil slick on the marine environment and aquatic life. 
1. 2. 1  Oil Pollution 
everal studies have thrown light on the level of hydrocarbons and heavy metals in 
sediments. Many investigators have examined the impact of the 1991 Gulf War on marine 
environment. Hydrocarbon distribution in surface sediments from Kuwait, Bahrain and 
Oman Coastal zone (before the Gulf War) were documented by Mille e/ aZ. (1992). 
Gundlach et aZ. (1993) reported the distribution of oil along the Saudi Arabian Coastline as 
a result of the Gulf war oil spills. Literathy (1993) assessed the environmental 
consequences of the 1991 Gulf war. Gupta ef aZ. (1993) reported the state of oil pollution 
in the northern Arabian Sea after 1991 Gulf oil spill. There is also a study proposed by 
Sauer et af. (1993) on hydrocarbon source identification and weathering characterization of 
intertidal and subtidal sediments along the Saudi Arabian coasts after the Gulf war oil spill. 
Michel et af. (1993) investigated contamination of the nearshore subtidal sediments of 
audi Arabia as a result of the Gulf war oil spill. Ehrhardt and Bums (1993) studied 
hydrocarbon pollution and the related photo-oxidation products in Saudi Arabian Gulf 
coastal waters. Massoud et af. (1996) studied the Total Petroleum Hydrocarbon CTPH) and 
the Total Organic Carbon (TOC) contents in the bottom sediments of the Arabian Gulf as 
indicators of oil pollution and implications for the effect and fate of the Kuwait oil slick. 
Shriadah (l998a) measured the concentrations of petroleum hydrocarbons along the 
Arabian Gulf coast of the United Arab Emirates. Study on the levels and distribution of 
petroleum hydrocarbons in the coastal waters and sediments of the United Arab Emirates 
in the Arabian Gulf and Gulf of Oman were carried out by Shriadah (2000). Paimpillil and 
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Denni (2002) conducted a study on the contamination of the coastal aquifer of Yanbu 
(Red ea) region with oil eeping from the nearby landfill . 
1.2.2 Trace Elements 
On the other side, trace metals in sediments in the Arabian Gulf have been subjected to 
several investigations. Earlier study has been carried out by Abaychi and Douabul (1986) 
on the trace element geochemical associations in the Arabian Gulf. Fowler et af. (1993) 
as essed the temporal and spatial trends of petroleum hydrocarbons and trace metals in 
near hore Gulf sediments and biota before and after the 1991 war. Al-Arfaj and AJam 
(1993) discussed the chemical characterization of sediments from the Gulf area after 1991 
oil spill. Price (1993) performed a study on human impacts and management initiatives in 
the Gulf. AI-Abdali et af. (1996) used trace metal contents of bottom sediments of the 
Arabian Gulf as indicators of pollution and implications for the effect and fate of the 
Kuwait oil slick. Heavy metal characterization in the mangrove sediments of the United 
Arab Emirates shoreline was carried out by Shiradah (1998b). El-Sarnmak (2000) 
investigated the geochemical associations in the marine sediments of Ras AI-Kheimah, 
UAE. Recent study carried out by AI-Muzaini and Beg (2002) on contamination of toxic 
trace metals in the coastal sediments of the Shuaiba Industrial Area in Kuwait. 
There are few published materials on the assessment of heavy metals offshore area of 
Dubai. Al-Qubaisi (2001) assessed the metals pollution in sediments of the coastal areas, 
UAE, including Abu Dhabi, Dubai and Sharjah. EI-Sarnmak (2001) determined the extent 
of heavy metals pollution in bottom sediments of the Dubai creek. Deshgooni (2002) 
studied the modeling and assessment of the in environmental capacity in Dubai Creek, 
United Arab Emirates. There are no significant published data on the assessment of organic 
pollutants on offshore ofDubai. 
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1.2.3 The Effect on Marine Life 
There are aJ 0 many tudies have documented the effects of organic and inorganic 
p llutants on aquatic life. Ismail (1992) carried out a study on macrobenthic invertebrates 
n ar wer outlet in Dubai Creek. Adverse influence of the Kuwait oil well fires on 
fi heries in we tern Gulf has been investigated by McCain et al. (1993). Gerges (1993) 
tudied the impacts of the 1991 Gulf War on the environment of the region (general 
observations). The effects of Gulf war oil spill on the zooplankton distribution and coral 
reefs in the NW Gulf have been documented by AI-Yamani et al. (1993) and Downing 
and Roberts (1993). Polycyclic aromatic hydrocarbons in edible tissue of fish from the 
Gulf after the 1991 oil spill have been investigated by Al-Yakoob et at. (1993). Evans el 
al. (1993) reported a short-term damage to coastal bird populations in Saudi Arabia and 
Kuwait following the 1991 Gulf War marine pollution. Also Symens and Evans (1993) 
recorded the adverse impact of the Gulf War oil spills on the tern populations in the 
northern Arabian Gulf during the breeding season. The assessment of th toxicity of 
Kuwait crude oil on the photosynthesis and respiration of seagrasses of the Northern Gulf 
has been investigated by Durako et al. (1993). Atlas (1995) reviewed the petroleum 
biodegradation and oil spill bioremediation in the marine environment. Wright (1995) 
investigated the trace metals and their major ion interactions in some aquatic animals. 
1.3 A rea of Study 
Dubai is the second largest emirate in the seven-member federation. Dubai is the center of 
trade and tourism in the United Arab Emirates. Today Dubai is a very prosperous city with 
a bustling commercial life. It is a place for oil drilling, trade acti ities, shopping arcades, 
industrial areas and busy ports, and it is the leading entry to the region (Figure 1.1). 
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In it natural tate. the approximat ly 70 km long Dubai coastline consisted primaril of 
I ng andy beache backed by dunes. This would have allowed wide-open views along the 
b ach and out to sea. The infrastructural developments related to trade, fishing and tourism 
ha e led to significant changes in Dubai coastal region over recent years. uch 
de elopm nts included the construction of the major ports Jebel Ali and AI-Harnriya Port 
as well as Dry Dock : the construction of several recreational and fishing harbours; 
impro ements to Dubai reek; and the construction of the Al-Marnzar beaches and 
development of Al-Marnzar lagoon (Mocke et aI, 2002). 
Khor Dubai extends about 1 4  krn deep in the dry land to divide the town into two zones: 
Deira and Bur Dubai. The daily life of Dubai has been closely associated with the Khor. In 
modem history, the Khor has been associated with political history of Dubai, being a 
support and a natural extension for the vital navigation front of the emirate as against the 
Iranian shores. Also it has provided a major port for the strategic location of the town 
along the old route between Europe and India (Figure 1.2). Thus becoming a nucleus that 
turned Dubai into a chandlery station fust, then a commercial center that has no peer in the 
Gulf today. 
According to the statistical survey for the Emirate of Dubai 2000, which conducted by 
Dubai Municipality, Dubai has a total population of 862,387 people, 97.3 perc nt of them 
live in urban areas while the rest, 2.7 percent, live in rural areas. Due to the rapid growth of 
the industrial activities in the study area and the urbanization, it is expected that such 
activities can introduce large quantities of both organic and inorganic compounds such as 
P AHs, peBs TPH, TOe, TKN and heavy metals. Figure 1.3 and Table 1.1 summarizes 
the total usage of Dubai coastal resource along 66 krn as it was documented by Mocke et 
al. (2002). 
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Figure 1.1: Map showing Dubai location in the Arabian Gulf 
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Figure 1 .2 : Map showinz Dubai location in the world 
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Table 1 . 1  : Dubai coastal resource usage 
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he tudy area is affected by many recognized sources of inputs such as treated water from 
AI- wir TP, urface runoff during rainfall grazing and painting wooden ship and other 
na igation activities at AI-Hamriya Port and Dry Docks (Table 1.2) 
Table 1.2 : The types of input into the study area 
Location Description of the region 
Residence region there are no industrial 
Al-Marnzar activities. The input are from: 
(mouth- mid - 1) Surface runoff during rainfall. 
end) 2) Groundwater from Al Marnzar area. 
Presence of Al Hamriya Port for 
commercial shipping. The input are from: 
1 )  Grazing and painting wooden ship. 
2) Deck drainage and bilge water. 
AI-Hamriya (St 3) Navigation route. 
1- St 2-St 3) 4 )  Fishing village. 
5) Groundwater from Al Hamriya fish and 
vegetable market. 
6) Surface water during rainfall. 
Dry Docks The input is from: 
1) Repairing oil tankers and other ships. 
J umeirah Beach There is no industrial activity. The input 
Hotel are from: 
1) Groundwater from lumeirah region 
2) urface water during rainfall. 
D.E.W.A. The input is from: 
1) Desalination water (increase 
temperature). 
D.U.B.A.L. The input are from: 
1) Groundwater from Aluminum industry. 
2) Desalination water 
Jebel Ali Hotel These three stations are called Jebel Ali 
Ras Hisyan Sanctuary. 
Ras Ghantoot And are used as background or reference. 
Dubai approach The station is far from any coastal inputs. 
Neptune wreck. Position of old sinking ship. 
( ource: Dubai Municipalitv. 2002) 
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1 .4 Geomorphology of tbe A ra bian G u lf  
The rabian Gul f i s  d e  cribed as a semi enclosed area with a low rate o f  water exchange. 
Mo t f its regions have a high sal inity and temperature. With i ts shal low nature, al l  i ts 
parts l ie within the photic zone and arid setting. The Gulf is principal ly a sedimentary basin 
who e substrate i mainly biogenic, with outcrops of older l imestone ( Sheppard, 1 993 ) .  
The Gulf  has a rough compl icated bottom, which varies considerably from area to area. 
Thus, there are scattered smal l islands and coral reefs rocks and shal lows, which are the 
main characteristics dominating the Gulf s seabed. The Gulf is divided into four main areas 
depending on variations in depth of water ( Figure 1 .4 )  these are: 
( I )  The coa tal area, this extends from the seashore to a depth of 1 5-20 meters, its width 
arying from place to place. It is at its narrowest on the I ranian coast but it increases near 
the Bahrain, where it i s  general ly covered with coral reefs and rocks. 
(2 )  The shallow , this extends from 1 5-20 to 40-50 meters in  depth. At its widest it 
extends over 1 60,935 square meters in the south and southwest of the Gulf. The seabed 
tends to be rough. 
( 3 )  The transitional zone, in this zone the seabed is i rregular and covered by a mixture of 
coral reefs, mud and sand. The southern extension of this zone is  somewhat smoother. 
(4) The deep area, at the bottom of the U-shaped basin of the max imum depth of 9 1  meters 
is reached. The depth decreases towards the head of the Gulf, and this area can be divided 
into two zones. In  the north, where the depth ranges between 50 and 65 meters the seabed 
is flat and covered by river deposits, al though there are certain areas of coral reefs. The 
southern zone ranges from 70-1 1 0  meters, but it has an irregular seabed. The depth in 
orne parts reaches 200 meters but it is  i nsignificant areas. Overall the Gulf is  a shal low 
marginal area and has an i rregular seabed. 
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high al inity, which in general is simi lar to, but lower than, other inland seas, 
haracteriz s the Gul f water's. Nevertheless, the Gulf is sti l l  considered to be an area of 
high al in ity. This is du to the relatively small fresh water inflow and the high 
temp rature , which increa e e aporation in excess of fresh water inflow. The sal inity of 
the deeper water does differ sl ightly from that at the surface. Shal lower areas tend to have 
higher al inity than the deeper ones. Most salt concentration in the Gulf comes from the 
Arabian Sea and th Gulf  of Oman, through the Straits of Hormuz. The Gulf has a narrow 
l ink with the I ndian Ocean through the Straits of Hormuz. These straits are the crucial area 
for currents, because they carry the ocean's  in fluence into the Gulf waters. The high 
temperature and the high rate of evaporation increase the sal inity and density of the surface 
water (al -Abdul -Razzak, 1 984). 
The coastal sector of UAE is a low- lying area with extensive tidal flats, lagoons and sand 
dunes (A l-Qubaisi,  200 1 ) . The energy of the coastal area and the marine system of UAE 
come from water movement along the coasts or in the near shore zone. Along the Arabian 
Gulf  and Oman Gulf coasts, there are three coastal processes: ( 1 )  alongshore current 
moving eastwards in the Arabian Gulf; (2 )  wave action and ( 3 )  tidal action. The energy of 
each process depends on several variables, wave velocity, configuration of the coast l ine, 
rel ief, l ithology, and structure of the coastal area and the nature of marine sediments 
( Embbabi and Sharkawi, 1 989).  
In general water qual ity ( physico-chemical ) at the coastal belt monitoring stat ions of Dubai 
i normal . Variation in pH ranges from 8. 1 to 8.4, due to buffering action of bicarbonate­
carbonate system, which indicates to an alkal ine medium. Sal inity variation is wide and 
l ies in a range of 4 1 .2 to 43.1 %0. The high sal inity is noticed in the bottom water at Dewa. 
Dissolved oxygen is good at al l  stations of the coastal belt. Turbidity variation at al l  
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ampling tation IS in the range of 1 .0- 1 .5 NTU. Levels  of Total ni trogen. Nitrate-
nitrogen and Phosphate-phosphorous are low. Variations in the levels of phytoplankton 
pigment are 10 ( Dubai Municipal ity, 1 996) 
Figure 1 .4 : Map of the Arabian Gulf showing variations in water depth 
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1 .5 A i m  of Study 
The pre ent  work aims at initiating and conducting a basel ine field assessment of the 
pol lutants effect ing the marine environment. The particular target is to assess organic and 
inorganic pol lutants in bottom sediments in the offshore of Dubai . The specific aims of this 
study are: 
• Providing appropriate measurements of TOe, TPH, TKN, P AHs peBs and heavy 
metal values in bottom ediments. 
• omparing the present values with standard values in order to identifY areas of impact 
or increased risk. 
• Providing input to management questions ill order to find new methods of waste 
disposal .  
Also, this  study can be used to predict the environmental risk in  the future and is expected 
to be useful in solving some coastal-related problems. This study wi l l  be useful for 
preparation an action plan to protect marine resources, with an emphasis on those, which 
are national l y  and international l y  important. 
******* 
1 8  
CHAPTER II 
MA TERIALS AND METHODS 
M A  TERI A LS AND M ETHODS 
2 . 1 Sed iment  Sa m p l i n g  
2. 1 . 1  SampLe Collection 
The collection of sedi ment samples covered the offshore l ine of Dubai . The samples were 
col lected from fifteen stat ions along Dubai coastal area. A Van Veen grab sampler made 
from stainless steel was used to obtain bottom sediments. The sediment samples were 
col lected over three months period of t ime, starting in J anuary to March 2002. Each sample 
was stored in  clean a luminum foi l  and kept frozen in  an airt ight plastic bag before grain­
size analysis. The sediments samples dried i n  oven under mild temperature before sieving 
analysis and was kept freeze-dried unl i t  required for future use. 
2. 1.2 Sampling Stations 
The locations of the different stations are given in Table 2 . 1 .  Al l  the samples were 
col lected from offshore region only two samples obtained from inshore region, which are 
Dubai approach and Neptune Wreck. Ten stations were located at the northern parts of the 
study area and only five stations were located at the southern parts (Figure 2.1 ) .  
Table 2.1 : Sampling locations 
Stations Location Stations Location 
1 Al-Marnzar mouth 2 Al-Marnzar mid 
3 AI-Marnzar end 4 Al-Harnriya station 1 
5 Al-Hamriya station 2 6 Al-Hamriya stat ion 3 
7 Dry Docks 8 Jumeirah Beach Hotel 
9 D.E .W.A. 10 D.U.B.A.L.  
1 1  Jebel Ali Hotel 12 Ras H isyan 
13 Ras Ghantoot 14 Dubai approach 
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2.2 A n a lytica l M ethods 
2.2. 1 Grain Size analysis 
The col le ted samples were dried in oven under moderately temperature about 70 0 C in 
rd r to remo e any water molecules before sieving process. According to ROPME 
( Regi nal Organization for the Protection of Marine Environment, 1 999) sieve analysis of 
and wa done by using a sample splitter, about 1 00 grams of sample was obtained and 
weighed the spl it  sample to the nearest 0.0 1 gram. A clean set of sieves with height of 1 <p 
int rval were selected. The sample was replaced into the top sieve after arranged the 
ie es based on mesh number. The sieves were placed in mechanical shaker; fasten very 
tightly, and sieved for 1 5  minutes. Each sie e was emptied onto a large sheet of paper; the 
sieve brush was used to remove al l particles from the bottom of the sieves. The dry weight 
percentage of the size fraction retained on each sieve was calculated. For the muddy 
samples, which contains more than 20% mud, pipette analysis is the most common method 
used for determining the grain-size distribution of ediments > 4 <po Sediment samples 
should be air-dried, 50 grams of the sample were obtained and placed in a 500 ml beaker 
and dispersed in disti l led water. This suspension was stirred vigorously by using glass rod 
starting from the bottom and working up to the top until all  the materials were distributed 
uniformly. After dispersion wet sieving was used to separate the sand from mud using 
230 mesh. The fraction retained on the sieve was dried and subjected to sieve analysis. The 
disper ed fraction passing the 230 mesh during wet sieving, was poured in an Andreason 
edimentation Cylinder. Distil led water was added to bring the volume to exactly to 500 
m l  and stirred 2-3 minutes. After 20 seconds of st i rring, the pipette was inserted to depth 
of 20 cm and 1 0  ml exactly were withdrawn. 
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2.2 A n a lytical Methods 
2.2. 1 Graill Size allalysis 
he col lected amples were dri d in oven under moderately temperature about 70 0 C in 
order to remo e any water molecules before sieving process. According to ROPME 
( Regional Organization for the Protection of Marine En ironment, 1 999) sieve analysis of 
and was done by using a sample spl itter, about 1 00 grams of sample was obtained and 
weigh d th spl it san1ple to the nearest 0.0 1 gram. A c lean set of sieves with height of 1 cp 
intervals were elected. The sample was replaced into the top sie e after arranged the 
ieve based on me h number. The sieves were placed in mechanical shaker; fasten very 
tightly, and sieved for 1 5  minutes. Each sieve was emptied onto a large heet of paper; the 
sie e brush was used to remove al l  partic les from the bottom of the sieves. The dry weight 
percentage of the size fractions retained on each sieve was calculated. For the muddy 
samples, which contains more than 20% mud, pipette analysis is the most common method 
u ed for determining the grain-size distribution of sediments > 4 <po Sediment samples 
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Thi fi r t withdrawal i very important step, as it  repre ents the total fraction finer than 4 <po 
Th pipette was rem ved, the u pension was e pel led into a weighing beaker of 30 ml .  1 0  
m l  of dist i l led water were sucked up to rinse out the pipette and the rinsing water was 
p l led into the ame beaker. Withdrawal were continued at speci fied time intervals and 
ne beaker was used for each withdrawal.  The beakers were placed in an oven with cover 
glass on top and evaporated to near dryness (24 hr at 1 00- 1 30 0 C ). The beakers were 
removed from the oven, let cool to room temperature and weighed to 0.00 1 g on a 
precision bal ance. Al l  beakers were weighed at nearly same time. This method was 
d tai led by M OOP AM ( M anual of Oceanographic Observation and Pol lutant Analysis 
Methods, 1 999) . The most commonly used method for the calculation of statistical size 
parameters is the graphical method curves and histograms. The grain-size statist ical 
parameters: Graphic mean " Mz ", I nc lusive Graphic Standard Deviation " 0' 1 ", Inclusive 
Graphic Skewne s "Sk i  " and Graphic Kurtosis .. Ka" were calculated according to the 
equations described by MOOP AM ( 1 999). 
2.2.2 Determination of Total Organic Carbon (TOC) 
The readi ly  oxidizable organic carbon content is detennined by the Walkey-Black Method 
( 1 947). adopted and modified by Jackson ( 1 958 ). Thi s  method differentiates humus matter 
from extraneous sources of organic carbon such as graphite and coal . The Walkey-Black 
method uti l izes exothermic heating in  the sample. This method based on oxidation the 
sample with potassium dichromate and concentrated H2S04, fol lowed by the titrat ion of 
excess dichromate with 0.5N ferrous ammonium sulfate solution to a sharp, 1 drop, end 
point. xidation of C 1 - can be prevented by the use of Ag2S04 in the digestion mixture. 
The organic carbon was detennined by using the fol lowing analytical procedure: 
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From dried and ie ed diment ample, a 0.5 gram was placed in a 500 ml Erlenmeyer 
fla k. Then 1 0  ml of 1 N K2Cr2 7 solution were added by burette to the sediment and 
irl i ng the flask mixed the two. Fol lowed by the addition of 20 rn l of concentrated H2S04 
by burette and were mixed by gentle rotation of the fla k for about one minute. This was 
done careful ly, to insure complete mixing of the reagents with the sediment; whi le  
avoiding throwing the sediment onto the sides of the flask out of contact with the reagents. 
The mixture was al lowed to stand for 30 minutes. A standardization blank without 
ediment was run with each new batch of samples. After 30 minutes, the solution was 
d i luted to 200 m1 with dist i l led water and 1 0  ml of 85% H3P04 and 0.2 g of NaF. Then 1 5  
drops of the diphenylamine indicator were added to the sample flask. The sol ution was 
back titrated with the 0.5 N ferrous ammonium sulfate solution to a one-drop end point 
( bri l l iant green). The color of o lution progressed from an opaque green-brown, to green 
upon the addition of approximatel y  1 0  m1 of the ferrous sol ution. The color continued to 
shift upon titration to a bluish-black-gray; at this point the addition of 1 0-20 drops of 
ferrou solution shifted the color to a bri l l iant green giving one-drop end point. The results 
of  analysis were calculated using the fol lowing equation: 
% Organic carbon = I 0 ( 1 -TI S) [ 1 .0 N (0.003) ( l OO/W)]  
Where 
T= ample t itration, ml ferrous solution 
= Standardization blank titration, ml  ferrous solution 
The T 1 factor canceled out the effect of the ferrous solution normal ity 
0.003 = 1 2/4,000= meq weight of carbon 
1 .0 N = normal ity of ( K2Cr207) 
1 0  = volume of ( K2Cr207) in mJ 
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W = weight of ediment ample in grams. 
2.2.3. Determillatioll of Total Kjeldah/ Nitrogell (TKN) 
The t tal nitrogen inc lude organic and inorganic nitrogen, were determined according to 
Kj eldah l method ( P A, 1 993 ) using block digestion and steam disti l lation. This method 
require the digestion of the sample using strong acid at high temperatures. Careful 
handl ing of the o lutions, for added protection, acid digestions should be performed in a 
fum e  hood with adequate venti lation. Eye protection should be worn at al l times and care 
should be taken when handling hot digestion tubes. The procedure of Kjeldahl analysis is 
given as a fol lowing: 
One gram of the sample was prepared and weighed to an accuracy of 0. 1 mg into a 
digestion tube. Sample preparation for Kjeldahl analysis should be careful ly fol lowed to 
a oid errors in the final result. By using Kjeltec 1 035,  2300 or 2400 these weights can be 
automatical ly entered into the memory of the system for automatic result calculation. Two 
Kjeltabs Cu 3 .5  (alternatively 7 g K2S04 and 0.8 g Cu 04 X 5 H20) were added. Then 1 2  
m l  of concentrated H2S04 were added careful ly  ( samples containing h igh-fat 1 5  rnl 
H2 04 were used) and the wet sample with the acid was shook gently. The exhaust is 
automatical ly  attached when using a Lift System. A Control ler and Flow Regulator would 
set the water aspirator to full  effect.  The digestion was continued unti l  al l samples were 
c lear with a tube-green solution. Then 75 ml of deionized water were added to the tubes. 
The digestion tube was placed in the dist i l lation unit and the system was closed safety. 
After that 50 ml of 40% NaOH were dispensed into the tube. The steam valve was opened 
on the Kjeltec 1 002 and disti l led for approximately 4 minutes. The disti l late was titrated 
with standardized HCI  acid (0 . 1 N or 0.2 N) .  The results were calculated according to the 
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fol lowing equations: 
% 
% Protein 
mg I l iter 
g I l iter 
mg NI 1 00 ml  
Where:  
T =  
B =  
F= 
[ (  T-B )  x 1 4 .007x l 00 ] /weight o f  sample in  mg 
= % N  F 
[ (T -B)  x N x 1 4 .007 x 1 000] I volume of sample in  ml  
[ (T-B )  N x 1 4 .007 ] I volume of sample in  ml  
[ (T-B)  x 1 4 .007 x 1 00 ] I volume of sample in  ml  . 
Titration volume for sample (m l )  
Titration volume for blank ( m l )  
ormality of acid t o  4 places of decimal 
Conversion factor for Nitrogen to Protein Depending on sample. 
2.2.4 Determination of Total Petroleum Hydrocarbons (TPH) 
The quantification of TPH ( Total Petroleum Hydrocarbons) as it  i s  described by ROPME 
( 1 999) was carried out using Nicolet Infrared Spectrophotometer. This method can be used 
when relatively polar, heavy petroleum fractions are present, or when the levels of non­
volat i le greases over the solubi l ity l imit  of the solvent. This method is not recommended 
for determination of low-boi l i ng fractions that volat i l ize at temperatures below 70 II C. This 
method is not intended for use on highly contaminated waters, e lutriates, or sediments 
( ROPME, 1 999). The samples, which are analyzed by this method, should be " c lean" 
ediments. The detai l s  of procedure are demonstrated below: 
From the homogenized, field-moist sediment 20 ± 0.5 g were weighed and placed in  a l SO 
ml  beaker. The sample was acidified to pH 2 with approximately 0.3 ml  concentrated HCl .  
Then 25 g of Mg S04 • H20 were added to the acidified sample and stirred to create a 
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m th paste. The pa te wa pr ad on the ide of the beaker to dry. u ual l 1 5-30 
minute r unti l th mat rial has s l idi fied. The olid were tran ferr d to a mortar and 
ground t a fine powder, then tran ferred to a paper e traction thimble. The beaker and the 
m rtar were wiped with piece of fi lter paper moi tened with the solv nt (he ane ) and the 
paper wa added to th thimble. The thimble was ti l led with glass wool (or glas bead ),  
pia ed in  a 0 hlet apparatu and e tracted u ing fluorocarbon- I 1 3  for 4 hour . By u ing 
greas -free otton. the extract wa fil t  red into a volumetric flask and di luted to volume 
with fluorocarbon- l 1 3 . I f  the final fi ltrate i turbid, i refil tered into a clean flask. About 5-
1 0  m l  lution from the volum tric flask were di card d. 3 g s i l ica gel were added for 
drying the ample and tirred b t irring bar. The solution was stirred for a minimum of 5 
minute on a magnetic tirrer. After the s i l ica gel has been ettled in the ample e tract, a 
c lean cel l was fi l led with solution. Cel l  size of 1 0  ml  was used for the samples. which 
contain more than 8 mglkg and cell size of 50 ml u ed for the amples, which contain less 
than 8 mglkg of TPH. The ab orbance of the e tract was measured at an excitation 
wavelength of 3 1 0  11m and emi ion wavelength of 360 11m. If the ab orbance exc eds 0.8, 
an appropriate d i lution hould be prepared and the ample hould be reanalyzed. 
2.2. 5 Determination of Polycyclic A romatic Hydrocarbons (PAHs) 
The i nstrumental quantitation and ident i tication of P AHs ( Polycycl ic Aromatic 
Hydrocarbons) were carried out using H PLC with fluorescence detector ( H igh 
Performance Liquid Chromatography, Figure 2 .2) .  Thi method is  applicable to determine 
th P AH in soil . ediments, water and waste . I t  i recommended to determine the fi rst 
h ighly 1 6  pol lutant PAHs. which are mentioned b low: 
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aphthalen - cenaphth ne - cenaphth ne - Fluorene - Phenanthrene - Anthracene 
- Flu ranth ne - P ren Benzo(a)anthracene hry ene - Benzo(b)fluoranthene -
B nzo( k)tluoranthcn B nz ( a)p rene - Dibenzo(a,h)anthracene - Benzo(g,h,i )p rylene 
- lndcno( I ,2,3-cd)pyrene. 
The ample was prepared as de cribed below: 
hom the olid ample 5 g ± 0.5 g ere weighed accurately, blended with equal quantity of 
anhydrou odium ulfate and placed i n  an extraction thimble. ppro imately 70 mI of the 
traction olvent (He  ane: cetone, 50:50)  wer add d. The ample was e tracted in a 
oxhlet extraction apparatu for 2 hours ( boi l ing for 1 hr and rinsing for 1 hr). The extract 
was tran ferr d to a 1 0  ml volumetric flask. Then 2 ml of the extract were placed into a 
concentrator and evaporated careful ly under nitrogen to reduce the solvent to about 0.5 ml  
and the re idue was dis olved in  ac tonitri le. The ample extract wa c leaned-up 
( ne e ary in case of ediment and biota) before proceeding with analy is, u i ng o l id 
Phase xtraction ( PE)  u ing P AH SPE column . Then a 20 J.11 aliquot of e tract \ as 
i njected i nto H PLC. Th above l i sted compounds wer detected by ultra iolet (UV)  and 
fl uor cence detectors simultaneou ly ( ROPM , 1 999). 
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Figure 2.2 : Schematic of High Performance Liquid Chromatography apparatus (Source: 
Skoof!. Principles of instrumental analysis, 1 998) 
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2. 2. 6  Determination of Polychlorinated Biphenyls (PCBs) 
Th determination of P B ( Polychlorinated Biphenyls) was carried out using GC-ECD 
Gas Chromatography with Electron Capture Detector Figure 2 .3 )  with capi l lary column­
i ll length 30 m and diamet r 0.32 mm. The condition of the GC is given below: 
arrier gas: Hel ium 
Flow rate: 1 .5 m lfrnin 
Make-up gas: AIl � at flow rate recommended by the manufacturer ( between 30 to 60 
m llmin) 
I nj ector Temperature: 225 0 C 
Detector temperature: 300 0 C 
I nitial temperature: 1 00 0  C, hold 2 minutes 
This method is appl icable for determi nation of PCBs in soi l s, sediment and water. It is  
recommended for determination of 20 PCBs congeners with priority pol lutants which are 
l i sted below: 
PCB 8 - PCB 1 8  - PCB 28 - PCB 44 - PCB 52 - PCB 60 - PCB 77 - PCB 1 0 1  - PCB 
1 05 - PCB 1 1 8 - PCB 1 26 - PCB 1 28 - PCB 1 38 - PCB 1 53 - PCB 1 70 - PCB 1 80 -
P B 1 87 - PCB 1 95 - PCB 206 - PCB 209. 
Polychlorinated biphenyls were determined by using the fol lowing analytical procedure: 
From the solid sample 5 g ± 0.5 g were blended with 5 g ± 0.5 g of anhydrous sodium 
sul fate and extracted using sol id- l iquid extraction system (automated soxhlet). 
Approximately 70 ml of the extraction solvent ( 1 : 1  Hexane:Acetone) were added to the 
ample, and extracted for 2 hours ( boi l ing for 1 hr and rinsing for 1 hr). After extraction 
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the ampl , the e tract wa cleaned-up and e aporated carefully. The residual 2-5 ml  of 
the olvent after e aporat ion was collected. The system was opened and the cup were 
removed. The extra t wa quanti tat ively transferred to a 1 0  ml measuring cyl inder. The 
cup were rinsed u ing hexane and the rinsates was added to the measuring cyl inder at a 
fixed vol ume of 1 0 m! .  A portion to a 2 ml  were transferred to the Gas Chromatography 
auto an1pler vial, 1 � l  was injected in GC-ECD and subjected to compounds detection and 
identi fication ( ROPME, 1 999). 
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Figure 2 .3  : Schematic o/Gas Chromatography apparatus (Source: koog. 
Principle ' o.finstrumental analvsis. 1 998) 
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2. 2. 7 Determination of Major Oxides and Trace Elements Concentrations 
Mo t tudie deal ing with particulate metals in natural water systems (metals associated 
with u pended matt r or bottom ediments) are concerned with total metal concentration. 
Few tudies have aimed to evaluate the speciation of particulate metal . The sol id material 
can be partitioned into pec ific fractions, which can be extracted selectively by using 
appropriate reagents. Several procedures have been recently proposed for determining the 
speciation of particulate trace metals. The e procedures can be grouped into ( 1 )  methods 
designed to effect the separation between residual and non residual metals, and (2)  more 
elaborate methods making use of sequential extractions. The e techniques, however, suffer 
from difficulty of finding a single reagent effective in dissolving quantitatively the non 
re idual forms of metal without attacking the detrital forms. The use of sequential 
e tractions has been developed by Tessier et ai. ( 1 979). This method furnishes a detailed 
information about the origin, mode of occurrence, biological and physicochemical 
avai labi l i ty, mobi l ization and transport of trace metals. 
The ediment samples, bulk and fine fraction (230 mesh), which contain more than 1 0% 
si lt-c lay fraction « 63 !lm) have been subjected to dry ieving and analyzed to determine 
their major oxides and trace elements concentrations. 
The major oxides and trace elements concentrations were determined by r c p  ( I nductively 
Coupled Plasma) involving nearly a direct aspiration of the aqueous solution at certain 
wa elength. For the trace metals a standard addition technique was employed because 
matrix effects, presumably due to material leached from the sediments, were observed. 
The e effects would have contributed in many cases to an error of as much as 1 5%. For the 
metals present in high concentrations, the supernatant solution was di luted (20 x) with 
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deionized water and the concentrations wer btained directly from appropriate cal ibration 
curve prepared lth the components of the extraction solution di luted by the same factor 
Te ier el at., 1 979 . For total or residual major oxides and trace elements analysis, the 
powder ample as dige ted with a 5: 1 mixture of hydrofluoric and perchloric acids. For a 
ne f:,'Tam dry weight) ample, the sediment was fi rst digested in  platinum crucible with a 
o luti n of concentrated HCl 4 (2  m l )  and HF ( 1 0  ml ) to near dryne s; subsequent ly a 
econd addition of HCI04 (I m l )  and H F  ( 1 0  mJ )  was made and again the mixture was 
e aporated to near dryness. Final ly, HCI04 ( 1  m l )  alone was added and the sample was 
evaporat d unti l the appearance of white fumes. The residue was dissolved in 1 2  N HCI 
and d i luted to 25 m l .  The resulting olution was then analyzed by ICP for major oxides and 
trace elements using the tandard addition technique. The results were calculated using the 
£ ! lowing equations: 
For the major oxides the percentage of weight was calculated as given below: 
The 0 ide ( wt%) = calculated conc. x volume x factor oxide / wt. of sediment x l  0000 
For the trace elements the concentration ( ppm) was calculated as given below: 
The trace element (ppm) = calculated conc. x the volume/ wt. of sediment 
2.2.8 Mineralogy 
The col lected samples were subjected to X-ray diffraction analysi to identify their mineral 
composition. A ful ly computerized Phi l ips Diffractometer model PW11 840, with a Ni­
fi l ter, u-Ka radiation at 40 KY, 30 rnA and scanning speed of 0.02°/S was applied on the 
ground bulk samples. The diffraction peaks between 28 = 2° and 28 = 60° were recorded. 
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The mineral comp ition of the amples was identified b comparing the obtained data 
with tandard data. 
2.2. 9 Statistical A nalyses 
M i  ro oft ffice EX EL software was used for plotting the chart of sediment quality 
parameter . 
Microsoft Office EXCEL 2000 ™ software was also used for plotting hi togram and pie 
chart of total organic carbon, total petroleum hydrocarbon, total n itrogen, polychlorinated 
biphenyls, indi idual polychlorinated biphenyls and polycycl ic aromatic hydrocarbon 
compound . 
SURFER 7.0 1 ™ program was used for mapping the total organic carbon, total petroleum 
h drocarbon, total nitrogen, polycycl ic  aromatic hydrocarbon compounds, polychlorinated 
biphenyls and indi idual polychlorinated biphenyls. 
TA Tl  TICA TM Program was used to cany out univariate, biavariate and multivariate 
statistical analyses for the obtained geochemical data such as histogram, factor analysis, 
regression analysis, and correlation matrix .  
******* 
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CHAPTER III 
RESUL TS OF ANAL YSES 
TH E ANALYSES RESULTS 
3. 1 G ra i n  Size D istri b ution 
ediment i s  l ittle more than eroded particles and fragments of dust and other debris. Not 
onl do particles of sediment come from worn pieces of other rocks, they also are derived 
from l iving organisms, from minerals dissolved in water, and even from outer space. Based 
on the sediments composition can be c lassified into: 
1 )  Lithogenous, which compose of rock fragments, quartz, clay and volcanic ash;  
2 )  Biogenous, which compose o f  calcareous ooze and si l iceous ooze; 
3 Hydrogenous, which compose of manganese nodules, phosphorite, calcium 
carbonate, metal sulfides and evaporites such as gypsum and hal i te; 
4) Cosmogeneous, which compose of iron-nickel spherules and iron-nickel meteorites. 
ediment is constantly settl ing through the water onto sea floor, acting l ike a l ibrary of 
earth h istory (Thurman & Truj i l lo, 1 999). Sediments can act as an indicator of overal l  
environmental contamination in  marine ecosystems because many toxic contaminants, 
which do not dissolve readi ly in water, become attached to sediments and organic material 
and ettle to the bottom. One of the most important properties of sediment is i ts texture. 
The sediment size indicates the energy condition under which a deposit is laid down 
(Thurman & Truj i l lo, 1 999). 
The grain-size analysis of the present work revealed the texture of sediments in the study 
area. The samples obtained from Dubai offshore were divided into five groups based on 
their textural characteri t ics. Table 3 . 1  demonstrates these groups, locality and percentage 
o f  each group from the studied stations. 
Table 3 . 1 : The textural character in the study area 
Textural character Locality 
Percentage of stud ied 
stations 
Cover each of: 
1 .  Al-Marnzar mouth (St 1 )  
I . Gavel and 
2. Dry Docks ( St 7 )  
33 .3% 
3 .  Ras H isyan ( St 1 2 ) 
4 .  Dubai approach ( St 1 4) 
5 .  Neptune Wreck ( St 1 5 ) 
Cover each of: 
1 .  Al-ManlZar mid ( St 2) 
2. Sand 
2. Al-Hamriya St 2 ( St 5 )  
33 .3% 
3. Dewa ( St 9) 
4. Jebel Ali Hotel ( St 1 1 ) 
5 .  Ras Ghantoot ( St l 3 ) 
Cover each of: 
3. Gravel muddy sand 1 .  Al-Manmtr end ( St 3 )  1 3 .3% 
2 .  Jurneirah Beach (St  8 )  
C o  ver each 0 f: 
4. Muddy sand 1 .  Al-Hamriya St 1 ( St 4)  l 3 .3% 
2. Al-Hamriya St 3 ( St 6)  
Cover: 
5. Mud 6.67% 
1 .  Dubal (St  1 0) 
3 7  
Mo t of the ample are clas i fied as gravel sand and sand, which cover about 67% of the 
tudy area. This i in general agreement with the publ ished works ( Mas oud et al. , 1 996; 
Al-Abdal i el al . . 1 996 and Al-Ghadban el aI. , 1 996) on the sediments of the Arabian Gulf 
where coar e and ediments are mainly found in the southern regions of the Gulf and the 
fine c la, i I t  ediments are mainly concentrated in the northern regions. 
Th data obtained from sieving analysis were used to chart cumulative curves on 
probabi l i ty paper. The percenti les, which obtained from the curves, are used to calculate 
grain- iz statistical parameters (Table 3 .2 )  by using the equations adopted by Folk & 
Ward 1 957) .  The histograms were constructed ( Figure 3 . 1 )  to show the variation in grain­
size distribution at d ifferent stations in the study area. 
Val ue of graphic mean Mz (a description of size class) occupy the range from 0.03 <p to 
3 .95 <p with an average of 1 . 85 <p and standard deviation (S .D)  of 1 . 1 5 . Station 1 showed 
the minimum value. whereas the maximum value was found at station 1 0. Depending on 
Mz values, the samples were c lassified into : 1) Coarse sand, samples col lected from Al-
Marnzar mouth ( Figure 3 . 1 A) ,  Jebel Al i  Hotel (Figure 3 . 1  K), Ras Hisyan ( Figure 3 . 1 L) and 
Neptune Wreck ( Figure 3 . 1 0);  2) medium sand, samples col lected from Dewa ( Figure 
3 . 1 I ) ,  Ras Ghantoot ( Figure 3 . 1 M) and Dubai approach ( Figure 3 . 1 N) ;  3) fine and, 
samples col lected from AI-Mamzar mid (F igure 3 . 1 B ), Al-Harnriya stations ( Figure 3 . 1 D­
F).  Dry Docks (F igure 3 . 1  G )  and J umeirah Beach (F igure 3 . 1 H ) ;  4) very fine sand, samples 
col lected from AI-Marnzar end (F igure 3 . 1 C) and Dubal (Figure 3 . 1 1) .  
Values of inclusive graphic standard deviation (Jr (a measure of sorting)  occupy the range 
from 0.52 <p to 1 .97 <p with an average of 1 . 1 5  <p and . 0  of 0.43. The minimum value was 
calculated for station 8, whereas the maximum value was at station 1 4 . (JI values showed 
that the samples which being: 1) Poorly-sorted, were col lected from Al-Mamzar mouth 
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and end. AI-Hamriya t l and 3, Dry D cks, Jebel Al i  Hotel ,  Ras Hisyan. Dubai approach 
and eptune Wreck; 2) moderately-sorted samples were col lected from AI-Marnzar mid, 
AI-Hamriya t 2, Dewa and Dubal;  and final ly 3) moderately well-sorted samples were 
c 1 1  ted from Jun1eirah Beach and Ras Ghantoot. Generally most of the samples are 
c1as i fi  d by being poorly- orted. 
Value of inclusive graphic skewness SKI  (a measure of symmetrical degree of the 
di tribution curve) vary from - 0.8 1 to 0.26 with an average of - 0.2 and S .D of 0.25. 
Referred to Folk & Ward ( 1 957 )  formula, the present samples showed the fol lowing 
distribution c urves: 1) Fine- kewed curve, for the sample of Al-Hamriya St 1 ;  2) near 
ymmetrical curve, for the samples of Al-Mamzar mid, Jumeirah Beach, Dewa and 
eptune Wreck; 3) coarse-skewed curve, for the samples of AI-Hamriya St 2 and 3 ,  Ras 
Hisyan, Ras Ghantoot and Dubai approach; finally, 4) very coarse-skewed curve, for the 
sample of Al-Marnzar mouth and end, Dry Docks, Dubal and Jebel Al i  Hotel . Hence, the 
majority of the samples are described as coarse to very coarse skewed. 
Values of graphic kurtosis KG (a measure of sharpness of the curve peak) range between 
0 .7 1 to 5 .53  with an average of 1 . 53 and S .D of 1 . 1 5 . tation 1 4  showed the minimum 
alue. the maximum value was calculated for station 1 0. The samples obtained from Dubai 
offshore have the fol lowing curves of distribution: 1 )  The samples col lected from Al­
Hamriya St 3 and Dubai approach, characterized by having platykurtic distribution curves; 
2 )  The samples collected from Jumeirah Beach, Dewa and Ras Ghantoot have mesokurtic 
distribution curves; 3 )  The samples collected from Al-Marnzar mouth, mid and end, AI­
Hamriya t 1 and 2, and Ras Hisyan have leptokurtic distribution curves; 4) The samples 
col lected from Dry Docks, Jebel Al i  Hotel and Neptune Wreck have very ieptokurtic 
di tribution curves; 5 )  The sample col lected from Dubal has extremely leptokurtic 
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Ras l l isyan 1 2  
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1 5  Wreck 
• Val ues 10 <P 
Table 3 .2 : Grain size cumulative we;ght, percentile and statistical parameters of Dubai sediments. 
C u m u lat ive wt% Percenti le Statist ical Parameter 
- 2 <p - 1 <p O <p 1 <p 2 <p  3 <p 4 <p <4 <p 5 1 6  25 50 75 84 95 Mz 0 S K I Kc. 
9. 1 1 5 .8 36. 1 80,4 97.7 99.7 99.9 1 00 - 2 . 5' - 1 . 3  - 0.6 0.3 0.8 1 . 1  1 . 7 0.03 ' 1 .24' - 0.33 1 .23 
0 1 . 1  2 .3  4. 1 7 ,4  5 5 . 7  93 . 7  99.7 1 .3 2 ,4  2 .6  3 3 . 5  3 . 7  4. 1 3 .03 0.75 - 0.07 1 .28 
3 5 7.6 9.6 1 2. 8  3 5  70.2 1 00 - 1 .2 2 . 1 2 . 5  3 .3  4 4. 1 4.3 3 . 1 7  1 . 33 - 0. 42 1 . 50 
1 . 3 2 . 7  4 . 4  8 . 6  5 5 . 8  78.8 87.2 1 00 0. 1 1 .2 1 .4 1 .9 2.9 3.5 4.2 2 .20 1 .20 0.26 I 1 2  
0.4 2 3 5 .9  1 8 .8 77.3 96.9 99.7 0 .7 1 . 9 2 . 1 2 .6 3 . 1 3 J  3 . 7  2.60 0.80 - 0. 1 3  1 .23 
0 3 .88 8.63 1 9.38 38 . 1 3  59.38 68.75 99.87 - 0.8 0.5 1 . 1  2 .6 4 . 1 4.2 4 .5  2.43 1 . 73 - 0.2 1 0.72 
5.2 9.3 1 4 . 1  2 1 .4 32.7 63.3 93 . 3  99.8 - 2 .3  0.3 1 . 7 2 .5  3 . 2  3.6 4 .2  2 . 1 3  1 .8 1  - 0. 4 1  1 .78 i 
0 0.4 0.8 1 . 4 1 0J 70J 99.4 99.9 1 . 8 2.2 2 . 4  2 . 7  3. 1 3 . 2  3 .6  2.70 0.52 0.00 1 .05 
0 1 .9 6.4 33 .3  83 .3  96.8 99. 5 99.8 0 0 .5  0.8 1 . 4 1 .9 2 .2 2.9 1 .3 7  0.86 - 0.0 I l .08 
0 0.2 0.6 1 .6 7.2 8 04 9.2 1 00 1 . 8 3 . 1 4 .2  4 J  4 . 4  4 . 4 5  4 . 5  3 .95 0.75 - 0 8 1 5 .53 
1 . 9 3 . 3  8 . 3  29.9 80. 1 99.4 99.9 1 00 - I - 0.5 0.9 1 .3 1 .8 2 2.4 0.93 1 . 1 4 - 0 040 1 . 55 
5 .5  1 2 . 1  30.5 7 1 .5 92.8 98.4 99.3 99.7 - 2.2 - 0.7 - 0.3 0.6 1 .2 16 2 .4 0.50 1 .27 - 0. 1 7  1 . 26 
0 1 . 7 7 .5  29.6 77.6 99.7 1 00 1 00 0 0.5 0.9 l . 3 1 . 7 1 . 9 2 .3  1 .23 0.70 - 0. 1 4  1 . 1 8  
5 J  1 8 .5  35. 1 47 .3  57 .5  76.6 97.2 99.8 - 2. 1 - 1 . 1  - 0.5 1 .3 2.9 3.2 3.8 1 . 1 3  1 .97 - 0. 1 3  0.7 1 
2.6 1 0.2 33. 1 7 1  93.2 98.5 99.7 99.9 - 1 .6 - 0.7 0.3 0.4 1 .2 1 . 5 2 J  0.40 1 . 1 4 - 0.0 1 1 . 78 
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Figure 3 _ 1 : Hi (ograms representing grain size distrIbution in Dubai sediments 
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3.2. Tota l Orga n ic Carbon (TOC) 
The total organic carbon value indicates the sum of organic carbon and represents 
a measure for al l organic ubstances in sediments. These substances can be of natural 
origin l ike humic acids. mineral oi ls  solvents, pesticides polyaromatic hydrocarbons or 
chlorinated organic compound . Domestic and industrial wastewaters also contribute to 
organic contaminants in various amounts. I ndustrial waste effluents may contain carbon­
containing compounds with various toxicity levels. The input of organic matter to coastal 
ystem i ,  indeed, the triggering mechanism leading to the ecological consequences of 
ncem ( DeU'Anno el ai., 2002) .  Both of these situations can create unfavorable 
conditions for aquatic l i fe, such as oxygen reduction and hypoxia up to mortal ity of marine 
organisms and biodiversity loss (Cloero, 200 1 ). 
Table  3 . 3  i l l ustrates the data obtained from determination of organic carbon in Dubai 
sedi ments. The concentrations of TOC vary between 0. 1 6  wt% to 5 .9 wt% with an average 
of 0.86 wt% and standard deviation (S .D)  of 1 .44. Most stations showed comparable TOC 
values except station 6, which provided the maximum value, whereas the minimum value 
was reported at station 1 .  The variation in TOC concentration was plotted in ( Figure 3 .2),  
whi le  the percentage of TOC at different stat ions of the study area is  demonstrated in 
Figure 3.3.  I t  i s  worthy to note that station 6 (Al-Hamriya St 3) approximately contributed 
by half of total percentage (46%) of TOC. The mapping survey was used to show the 
distribution of TOC in Dubai sediments (F igure 3 .4) .  The concentration of TOC markedly 
increases towards the northeastern part of the study area around AI-Hamriya St 3 ( t 6). 
uch increase may be due to navigation activities and the dai ly usage of AI-Hamriya Port. 
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Table 3 .3 : 'oncenlraLion o/lolal organic carbon in Dubai sediments 
.. tat ions Local i ty TOC wt% 
t AI-Mamzar mouth 0. 1 6  
2 A I-Marnzar mid 0.44 
3 AI-Mamzar end 0.52 
4 AI-Harnriya St 1 l .2 1  
5 AI-Hamriya St 2 1 .4 1  
6 A I-Hamriya St 3 5 .9 
7 Dry Docks 0.55 
8 Jumeirah Beach 0.25 
9 Dewa 0.23 
1 0  Dubal 0.63 
I I  Jebel A l i  Hotel 0.37 
1 2  Ras H isyan 0.27 
1 3  Ras Ghantoot 0.23 
1 4  Dubai approach 0.44 
1 5  Neptune Wreck 0.34 
Average ± . 0  0.86 ± 1 .44 
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Figure 3 .3  : The percentage of total organic carbon in each station 
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3.3 Tota l Kjelda h l  Ni trogen ( T K N )  
The elemental gas dinitrogen (N2) i s  the m o  t abundant but least reactive form o f  nitrogen 
in th gl bal environment. Howe er. many biochemical transformations can convert 
dinitrogen into dis 01  ed inorganic specie ; such as nitrate 
ammonium (NHt +) and organic nitrogen compounds, in both dissolved and particulate 
forms. Nitrogen speciation can be operational ly defined as total particulate ni trogen (TPN),  
total dissolved nitrogen (TDN), dissolved organic nitrogen ( DON) and dissolved inorganic 
n itrogen (DIN) ) .  Typical ly some organisms fix nitrogen to either � + or organic nitrogen, 
the term i used ammonification ( nitrogen fixation); other organisms nitri fy the � + to 
03, the term is used nitrification, Both, nitrification and ammonification convert gaseous 
nitrogen into bioa ai lable chemical forms ( Wi lson et ai., 1 993) .  
TKN tands for total Kjeldahl nitrogen, which is the sum of ammonia (NH 3 )  and organic 
nitrogen. According to measurement of TKN in Dubai sediments (Table 3 .4 )  the values 
showed drastic fluctuation within a range from 2 1 8  to 2457 mg/kg. The maximum value 
was reported at station 9, whereas station 6 provided the second highest value with 2222 
mg/kg. The minimum value was recorded at station 1 with an overal l  average of 696 mg 
/kg and .D of 697. The variation in TKN concentrations was i l lustrated in Figure 3 .5,  
whi le Figure 3 .6 demonstrates the percentage of TKN in each station. Each of Dewa (St 9)  
and AI-Hamriya St 3 (St  6)  represent more than V5 (23% & 21  % respectively) of total 
TN K values. The areal distribution map of TKN ( Figure 3 .7 )  indicates remarkable 
increases towards the northeastern represented by AI-Hamriya St 3 (St 6)  and southwestern 
repre ented by Dewa CSt 9) parts of the study area. 
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Table 3 .4 : Concentration of total Kjeldahl nitrogen in Dubai ediments 
tatioo 00. Local ity T K N  rug/kg 
1 A I-Marnzar mouth 2 1 8  
2 AI-Mamzar mid 420 
3 AI-Mamzar end 4 1 0  
4 AI-Hamriya St I 93 1 
5 A I-Hamriya St 2 8 1 4  
6 AI-Hamriya St 3 2222 
7 Dry Docks 523 
8 Jumeirah Beach 234 
9 Dewa 2457 
1 0  Dubal 265 
1 1  JebeJ A l i  Hotel 385 
1 2  Ras Hisyan 324 
1 3  Ras Ghantoot 330 
1 4  Dubai approach 507 
1 5  Neptune Wreck 402 
Average ± .D 696 ± 697 
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Figure 3 .6 : The percentage o/total Kjeldahl nitrogen in each station 
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3.4 Tota l Petrole u m  H yd roca rbons (TPH ) 
Hydrocarbon , chemical compounds composed exclusively of the elements carbon and 
hydrogen, are the principal components of fossi l fuels.  Crude oil  and oil  products are not 
the nl) ource of hydrocarbon . Other ources e ist which contribute to the hydrocarbon 
1 ad of the marine en ironment. The e derive from incomplete combustion processes and 
recent bio ynthesis (GE AMP, 1 993) .  The fate of petroleum hydrocarbons once they enter 
the marine environments is s imilar to that of many organic pol lutants. The bulk of 
petroleum initial ly i ntroduced into the water column rapidly becomes associated with 
hydrophobic organic matter and uspended particulates, the volati le compounds then 
e aporate and the non-volati les are deposited into sediment (Capone and Bauer, 1 992) .  
The spectrophotometric measurement of Dubai sediments (Table 3 . 5 )  demonstrated that 
the concentrations of total petroleum hydrocarbons (TPH) vary widely among the different 
stations. The values of TPH range from 2 to 480 1 8  mg/kg, with an average of 3590.43 
mg/kg and S .D  of 1 2353 .  It is  worthy to note that station 6 showed a very high level of 
TPH (480 1 8  mg/kg) compared with other stations ( Figure 3 .8 ), whereas a very low level 
was recorded at station 4 and other stations showed sl ightly and moderately levels of TPH 
( Figure 3 .9) .  The percentage of TPH in Dubai sediments is  demonstrated in Figure 3 . 1 0  , 
9/ 1 0 ( 90%) of TPH values in  the study area was provided by AI-Harnriya St 3 ( t 6)  and 
1 / 1 0  ( 1 0%) was in  Al-Hamriya St 2 ( St 5 ) .  The distribution map showed that TPH in Dubai 
sediments is concentrated in the northeastern part of the study area, which may reflect a 
heavi ly pol luted area around AI-Harnriya St 2 and 3 ( St 5 & 6).  AI-Harnriya St 3 (St 6) 
represents the center anomalous area whereas the other parts of the study area vary 
between moderately pol luted, sl ightly pol luted and unpol luted by TPH (Figure 3 . 1 1 ) . 
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Table 3 .5  : Concentrations of total petroleum hydrocarbon in Dubai sediments 
Station no. Local i ty TPH i n  soil mg/kg 
I AI-Mamzar mouth 50 
2 AI-Marnzar rojd 39 
3 AI-ManlZar end 39 
4 AI-Hamriya St I 2 
5 AI-Hamriya t 2  4888 
6 A I-Hamriya St 3 480 1 8  
7 Dry Docks 1 34 
8 Jumeirah Beach 1 46 
9 Dewa 223 
1 0  Dubal 47 
1 1  Jebel A l i  Hotel 6.44 
1 2  Ras H isyan 1 1 3 
1 3  Ras Ghantoot 1 08 
1 4  Dubai approach 20 
1 5  Neptune Wreck 23 
Average ± S.D 3 590.43 ± 1 2353 
roglkg = Ilg/g = oom 
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3.5 Polycycl ic  A romatic H yd roca rbons ( PA H s )  
P I cycl ic aromatic hydrocarbons are a class o f  organic pol lutants that are released into the 
envi ronment in large quantities, mainly due to human activities. There are two primary 
ource of P AHs to the marine en ironment, pyrogenic and petrogenic: pyrogenic P AHs 
are deri ed from combustion sources and petrogenic P AHs are derived from petroleum 
inputs. P AHs are an important class of environmental contaminants to study because some 
of these compounds are carcinogenic and/or mutagenic to mammals. In addition, they have 
both acute toxicity and sub-lethal effects on some aquatic organisms. P AHs are composed 
of carbon and hydrogen, arranged in two or more fused rings. The P AH of the lowest 
molecular weight is naphthalene. The largest fused-ring system is graphite ( Witt, 1 995) .  
Oil spi l l s  are a major source of P AH in aquatic environments. P AHs are the most 
biological ly toxic of al l the petroleum compounds and the most notorious and common 
carcinogenic hydrocarbon of this type is benzo(a)pyrene. As much as 75% of the carbon in  
coal may be in  aromatic form (Neff, 1 985 ;  1 990). 
Table 3.6 i l l  ustrates the concentration of the detected P AH compounds in Dubai sediments. 
The total PAHs (TPAHs) vary from 0.09 to 1 6 l .72 ppm with an average of 1 l .83 ppm and 
. D  value of 4 1 .6. The maximum concentration was found at station 6, whereas the 
minimum value was reported at station 1 4 . Benzo(g,h,i)perylene, benzo(k)fluoranthene and 
chrysene reflected significant levels ( Figure 3 . 1 2) especially in station 6. Also pyrene, 
dibenzo(a,h)anthracene, naphthalene, fluoranthene and benzo(a)pyrene showed their 
highest levels at the same station. The other compounds vary in concentration between low 
and very low. Figure 3 . 1 3  represents the percentage of TP AHs in each station of the study 
area. It i c lear here that Al-Hamriya St 3 (St 6) constitutes more than 9/ 1 0  ( 92%) of 
TP AHs values in Dubai sediments. The descri ption of each compound is given below: 
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3.5. J Naphthalene 
It i a polycycl ic aromatic hydrocarbon ( P  AH)  with two aromatic rings ( Figure 3 . 1 4A).  
Naphthalene i noncarcinogenic PAH but al 0 toxic to some organisms. The exposure to 
naphthalene can cau e colon, and l iver damage' leukemia and D A damage ( Rowat c. ,  
1 99 ).  aphthalene was detected at fi ve stations ( 1 ,  3 ,  5, 6 & 1 4) with concentrations vary 
between low and ery low within a range from 0. 1 to 6.6 ppm. The maximum value was 
reported at station 6 and the minimum value at station 1 4  ( Figure 3 . 1 5A).  The mapping of 
naphthalene i showing a trend of increasing towards the northeastern part (F igure 3 . 1 6) .  
3.5.2 Fluorene 
I t  i a polycycl ic aromatic hydrocarbon ( P  A H )  with one five-membered and two six­
membered rings ( Figure 3 . 1 48).  F luorene was reported only in  two stations (6  & 5) of the 
study area, at very low levels  0 .78 & 0.24 ppm respectively ( Figure 3 . 1 58) .  
3.5.3 Phenanthrene 
It i a polycycl ic aromatic hydrocarbon ( P  A H )  with three aromatic rings ( Figure 3 . l 4C) .  
Phenanthrene i s  noncarcinogenic P AH, but also toxic to some organisms. Phenanthrene 
occurs in fossi l fuels  and is present in products of i ncomplete combustion. Phenanthrene is 
one of a number of PAHs on E PA's priority pol lutant l i st (A TSDR, 1 990). Phenanthrene 
was recorded at five stations ( 1 , 3, 5, 9 & 1 5 ) with very low concentrations. The highest 
value was 0.32 ppm and reported at station 5 (F igure 3 . 1 5C) .  The mapping survey also 
shows an increase towards the northeastern part of the study area (Figure 3 . 1 7) .  
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3. 5. 4 Fluoranthe 
It is a p 1 cycl ic  aromatic hydrocarbon ( P  AH )  with one five-membered and three six­
membered rings (F igure 3 . 1 40).  Fluoranthene is noncarcinogenic P AH, but also toxic to 
some organism . F luoranthene was detected in  six stations (3 ,  5, 6, 9, 1 0  & 1 5 ) of the tudy 
area at ery low concentration ; the highest recorded value was 3 .9  ppm at station 6, 
wherea the minimum concentration (0.04 ppm) was provided by stations 3 and 1 0  (F igure 
. 1 5 0) .  The distribution map demonstrates that i ts values increase towards the northern 
part particularly around AI -Hamriya stations ( Figure 3 . 1 8) .  
3.5.5 Pyrelle 
It i s  a polycycl ic aromatic hydrocarbon (PAH)  with four aromatic rings ( Figure 3 . 1 4E) .  
Pyrene is  noncarcinogenic P AH but also toxic to some organisms. Pyrene levels in Oubai 
sediments range from 0.03 to 1 3 . 7  ppm. Pyrene was found at five stations (3 ,  5, 6, 9 & 1 0) 
with a relative wide range from 0.03 ppm at station 3 to 1 3 .7  ppm at station 6 ( Figure 
3 . 1 5E) .  I ts distribution map exhibits an increasing trend towards the northeastern part of 
the study area around AI-Hamriya stations (Figure 3 . 1 9) .  
3.5. 6 Benzo(a)antltracene 
I t  is a polycycl ic  aromatic hydrocarbon ( PAH)  with four aromatic rings ( Figure 3 . 1 4F).  
Benzo(a)anthracene was detected only at two stations (9  & 1 0) of the study area with very 
low concentrations of 0.2 ppm and 0.04 ppm respectively . The distribution was only 
l im ited to the western parts of the study area ( Figure 3 . 1 5F ). 
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3. 5. 7 Chrysene 
It i a p lyc l ic  aromatic hydrocarbon ( P  AH) with four aromatic rings (Figure 3 . 1 40). 
hrysene is  a ubiquitous en ironmental contaminant formed primari ly by the incomplete 
ombustion of organic compounds. Although it i pre ent in coal and oi l ,  the presence of 
chry ene in the environment i mainly due to anthropogenic activities (ATSDR, 1 990) .  
hry ene i carc inogenic, causing tumors in  fish and other animals, and are acutely toxic to 
orne organisms. The measurement of chrysene in Dubai sediments showed that its values 
vary b tween very low and high. Chrysene was reported at seven stations ( 1 ,  3, 5, 6, 9, 1 0  
& 1 5 ) with values range between 0.02 ppm at stations 1 and 3 to 3 5  ppm at station 6 
( Figure 3 . 1 50).  The d i  tribution map of chrysene displays a northeastern increasing trend 
around AI- Hamriya stations (F igure 3 .20). 
3. 5.8 Bellzo(b)j1uoranthene 
It i a polycycl ic aromatic hydrocarbon ( PAH)  with one five-membered and four six­
membered rings (Figure 3 . 1 4H) .  Benzo(b )f1uoranthene was detected only at four stations 
( 5 . 7, 9 &  1 0) of the study area. The values vary from 0.03 ppm at station 1 0  to 3 . 1  ppm at 
station 5 ( Figure 3 . 1 5 H ). Also, i ts distribution map shows an increasing trend towards the 
northeastern parts of the study area around AI-Hamriya sta60ns (Figure 3 .2 1 ) .  
3.5. 9 Benzo(k)jluoranthene 
It is a polycycl ic aromatic hydrocarbon ( PAH)  with one five-membered and four six­
membered rings ( Figure 3 . 1 41 ). There is  no commercial production or known use of this 
compound. Benzo(k )f1uoranthene is  found in fossi l fuels and occurs usually in products of 
incomplete combustion and in soi ls, groundwater, and surface waters at hazardous waste 
i tes (A TSDR, 1 990). In  initiation-promotion assays, benzo(k)f1uoranthene was active as 
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an initiator of kin carcinogenesis. I n  a short-term as ay hepatic and lung tumors occurred 
in newb rn mice.  Benz ( k )fluoranthene was detected at si tations (5 ,  6 7, 8 9 & 1 5 )  . I t  
alues occupy the range from 0.02 ppm at stat ion 1 5  to 43 ppm at stat ion 6, which showed 
ign ifi  ant Ie e l ,  whereas this compound was found by trace quantities in other stations 
(F igure 3 . 1 5 1 ). The distribution map of benzo(k) fluoranthene shows an increasing toward 
the northeastern part around AI-Hamriya stations ( Figure 3 .22) .  
3.5. 10 Bellzo(a)pyrelle 
I t  i a polycycl ic  aromatic hydrocarbon ( PAH)  with five aromatic rings ( Figure 3 . 1 4J ) . 
Benzo( a)pyrene is carcinogenic, causing tumors in  fish and other animals, and are acutely 
toxic to some organisms. This compound was found only at three stations (6, 9 & 1 0) of 
the study area, with values varying from 0.05 ppm at station 1 0  to 2.34 ppm at station 6 
( Figure 3 . 1 5J ). 
3. 5. 1 1  Dibellzo(a,h)allthracene 
It is a polycycl ic aromatic hydrocarbon ( PAH)  with five aromatic rings ( Figure 3 . 1 4K) .  
Dibenzo(a,h )  anthracene was recorded at  three stations (5 ,  6 & 9) .  I ts val ues range from 
0.03 ppm at station 9 to 1 0.5  ppm at station 6 (Figure 3 . 1 5K). 
3.5. 12 Benzo(g,h,i)pery/ene 
It i a polycycl ic aromatic hydrocarbon ( PA H )  with six aromatic rings (Figure 3 . 1 4L) .  
There is  no known commercial production or use of benzo(g,h,i )perylene. I t  occurs 
natural ly in crude oi ls  and is present in products of incomplete combustion and in coal tar. 
Benzo(g,h,i )perylene is one of a number of PAHs on EPA's priority pol lutant l i st (AT DR, 
1 990). There is  lack of data on the acute, sub-chronic, chronic, developmental,  or 
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rcpr ductive toxicit of benzo(g, h,i )perylene by other routes of exposure in humans or 
animal . The mea urement of benzo(g,h,i )perylene in Dubai sediments demonstrated that. 
the concentration vary between very low and high. Benzo(g,h, i )perylene was detected at 
fi e tation (5 ,  6, 7, 1 0  & 1 5 ) .  The compound values vary widely from 0.03 ppm at 
tati n 1 5  to 46 ppm at tation 6 ( Figure 3 . 1 5L) .  The distribution map of 
benzo(g,h,i )perylene exhibits an increasing trend towards the northea tern parts of the 
tudy area around Al-Hamriya stations ( Figure 3 .23) .  
3.5. 13 J ndello(J ,2,3-cd)pyrene 
It i a polycycl ic  aromatic hydrocarbon ( PAH)  with one five-membered and four six­
membered rings ( Figure 3 . 1 4 M ). This compound was detected only at five stations ( 1  5 . 
7, 9 &  1 0) of the study area� with trace concentrations varying from 0.02 ppm at stat ion 1 0  
to 0.3 ppm at station 5 ( Figure 3 . 1 5 M ). 
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Figure 3 . 1 3  : The percentage of total polycyclic aromatic hydrocarbons in each station 
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Figure 3 . 1 4 : The slructuralformula of PA H compound (Source: Witt, 1 995) 
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3.6 Polych lor inated Biphenyls  ( PC Bs)  
Polychlorinated biphenyls ( P  Bs) are mixtures o f  synthetic organic chemicals with the 
ame ba ic chemical structure and similar physical propert ie ranging from oi ly l iquids to 
\! axy ol ids. Polychlorinated bipheny ls are organic chemicals that contain bound chlorine. 
majority of the e compounds are arti ficial and enter the environment through human 
act ivit ies, al though it i now recognized that marine algae, invertebrates and natural 
proces es such as forest fires al 0 contribute variable quanti ties of organochlori nes to the 
environment ( Haynes and Johnson, 2000). PCBs have very high chemical, thermal and 
biological stabi l ity and low vapor pressure. These properties led to use PCBs in hundreds 
of industrial and commercial appl ication. The presence of PCBs is a reflection of indu trial 
contamination ( Manahan, 1 993 ). 
The data obtained from determination of total PC Bs (TPCBs) in Dubai sediments (Table 
3 . 7) i l l ustrates that TPCBs values range between 0.8 to 93 .3  �g/kg. Variation in the 
reported alues can be ob erved among stations ( Figure 3 .24 ). The minimum value was 
reported at station 2, whereas the maximum value was provided by station 6, with an 
average of 1 7 . 1 7  ).lg/kg and S .D  of 25.7 .  The percentage of TPCBs in Al-Harnriya St 3 (St 
6 )  constitutes more than 1 13 (36%) from an overal l PCBs val ues in Dubai sediments 
( Figure 3 .25 ), whi le Figure 3 .26 demonstrates the distribution of TPCBs in the study area. 
The mapping showed that TPCBs concentration increases towards the northeastern part 
and nearly disappears from the southwestern parts of the study area. The highest values 
concentrated around Al-Harnriya St 3 ( St 6) .  
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Table 3 .7  : Concentrations of polychlorinated biphenyls in Dubai sediment 
Station no. Locality 
1 A I-Mamzar mouth 
2 A I-Mamzar mid 
3 AI-Mamzar end 
4 AI-Harnriya St I 
5 A I-Hamriya St 2 
6 AI-Hamriya St 3 
7 Dry Docks 
8 Jumeirah Beach 
9 Dewa 
1 0  Dubal 
1 1  Jebel A l i  Hotel 
1 2  Ras H isyan 
1 3  Ras Ghantoot 
1 4  Dubai approach 
1 5  Neptune Wreck 
Average ± S.D 
nd ( Not detected) , 
flg/kg = ppb = ppm x 1 0  J = flg!!l X 1 0 " 
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PC Bs (Ilg/kg) 
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3.6. 1 I nd ivid ual Polychlorinated Biphenyl 
Pol chlorinat d biphenyl have been found throughout the world in water, sediments. bird 
and fi h ti ue. these compounds const itute an important c lass of special wastes. They are 
made by ub tituting from 1 to 1 0  chlorine atoms onto the biphenyl aromatic structure. 
This sub titution can produce 209 di fferent congeners ( Manahan. 1 993) .  Figure 3.27 
i l l ustrate the general formula of PCB and PCB homologues in the environment (hepta­
[ 7 ] ,  octa- [ 8 ]  nona-[9 ]  chlorinated biphenyls and the single decachlorinated biphenyl are 
not as common in  use of in  the en ironment) .  General ly. the less-chlorinated congeners are 
more water oluble, more volati le, and more l ikely to biodegrade. Therefore. lower 
concentrations of these congeners are found in sediments compared with the original 
concentration of Aroclors that entered the environment. H igher-chlorinated PCBs are 
often more resistant to degradation and volati l ization and sorb more strongly to particulate 
matter. Some of these more chlorinated PCBs tend to bioaccumulated to greater 
concentrations i n  tissues of animals than do lower-molecular-weight PCBs (NAP, 200 1 ) . 
PCBs have been impl icated in genetic damage, imm une depression, l iver damage, 
respiratory problems, short-term memory and excess pigmentation. In animals:  tumor 
growth, behavioural changes, reproductive abnormalit ities, fetal death and increased 
infection ( Livingston, 1 976; Rowat S.C, 1 998) .  
Table 3 .8  i l l ustrates the chemical names of individual PCBs based on the number and 
position of chlorine atom onto the biphenyl aromatic structure. General observation on the 
detected individual PCBs in Dubai sediments (Table 3 .9)  showed that PCB 1 80 provided 
the h ighest values ( Figure 3 .28) .  PCBs congeners, except for PCB 1 80. PCB 52 and PCB 
8.  showed l imited distribution in Dubai sediments and the detected compounds also were 
found in l imited stations. 
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Table 3 . 8  : Chemical name of individual polychlorinated biphenyls 
CommerciaJ Chemical name narne 
PC B 8 2,4' -Dich lorobiphenyl 
PC B 1 8  2,2'  5-Trichlorobiphenyl 
PC B 28 2,4,4 ' -Tricb lorobiphenyJ 
PCB 44 2,2', 3 ,5 '-Tetrach lorobiphenyl 
PC B 52 2,2' , 5 5 '-Tetrachlorobiphenyl 
PC B 66 2,3 ' ,  4,4' -Tetrach lorobiphenyl 
PC B 77 3 , 3 ' ,  4,4 ' -TetracWorobiphenyl 
PC B 1 0 1  2,2' , 4,5 ,5 ' -Pentach lorobiphenyl 
PCB 1 05 2,3,3 ' ,  4,4' -Pentachlorobiphenyl 
PC B 1 1 8 2,3 ' , 4,4' 5-Pentachlorobiphenyl 
PC B 1 26 3 ,3 ' , 4,4' 5-Pentachlorobiphenyl 
PC B 1 28 2,2 ' , 3.3 ' 4,4' -Hexachlorobiphenyl 
PC B 1 3 8 2,2' , 3 ,4, 4 ' , 5 ' -Hexachlorobiphenyl 
PCB 1 53 2,2 ' , 4, 4' ,5 , 5 ' -Hexachlorobiphenyl 
PC B 1 70 2,2'  3 , 3 ' , 4, 4' ,5-Heptachlorobiphenyl 
PC B 1 80 2,2', 3 ,4, 4' , 5 , 5 '-Heptachlorobiphenyl 
PC B 1 87 2,2' , 3 , 4' ,  5 ,5 ' ,  6-Heptachlorobiphenyl 
PC B 1 95 2,2', 3 , 3 ', 4, 4' , 5 ,6-0ctach1orobiphenyl 
PC B 206 2 2' 3 ,3 ' , 4, 4' , 5 ,5 ' ,  6-Nonachlorobiphenyl 
PC B 209 2,2 ' , 3 ,3 ' , 4, 4' ,  5 ,5 ' ,  6 6'-Decachlorobiphenyl 
82 
3. 6. 1 .  1 P '8 8 (2, 4 '-Dichlorobiphenyl) 
rh concentrations of PCB 8 ary in a restricted range ( 7 .08 to 1 0.79 llg/kg). nus 
compound was detected onI in four station ( 3 , 4, 7 & 1 4 ) of the study area; the highest 
a reported at tation 4 and the lowest value was found at station 1 4  (Figure 
3 .29A) .  The di tribution map of PCB 8 shows an increasing trend towards the northern 
parts of the study area around Al-Hamriya St 1 ( Figure 3.30) .  
3. 6. 1 . 2 P 'B 44 (2, 2 ', 3, 5 '-Tetrachlorobiphenyl) 
This compound was detected in  station 8 at very low level of 2.34 llg/kg ( Figure 3 .29B). 
3. 6. 1 . 3  P B 52 (2, 2 ', 5, 5 '-Tetrachlorobiphenyl) 
This compound was recorded only in four stations ( 1  4, 7 & 1 5 ) '  the values vary widely 
between 2 .5 1 to 27. 1 Ilg!kg. The highest value was recoded at station 7 ,  whereas the lowest 
value was reported at station 1 ( Figure 3 .29C).  The distribution map of PCB 52 shows an 
increasing trend towards the eastern parts of the study area ( Figure 3 .3 1 )  around Dry 
Docks ( t 7). 
3. 6. 1 . .J PCB 66 (2, 3 " 4, .f '-Tetrachlorobiphenyl) 
This compound was detected only in  station 5 with very low concentration of 1 .62 llg/kg 
( Figure 3 .29D). 
3. 6. 1 . 5  PCB 10 (2, 2 ', 4, 5, 5 '-Penlachlorobiphenyl) 
This compound was found only in station 1 5  with very low concentration of 1 .9 1  llg/kg 
( Figure 3 .29E). 
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3. 6. 1 . 6 PCB 105 (2. 3, 3 ', -1, 4 '-Pentachlorobiphenyl) 
This compound was reported only in  three stations (6, 7 & 1 0) at very low levels with 
range from 1 to 1 .52 �g/ kg ( Figure 3 .29F). 
3. 6. 1 . 7 PCB 1 18 (2, 3 ', 4, -.1 ', 5-Pentachlorobiphenyl) 
Thi compound was detected only in two stations (5 & 6) with very low concentration of 
2.04 and 2.  J 9 �g/kg respectively ( Figure 3 .290).  
3. 6. 1 .  PCB 12  (2, 2 ', 3, 3 ', 4. .j '-Hexachlorobiphenyl) 
This compound was detected only in station 1 5  with very low concentration of 1 .7 1  �g/kg 
( Figure 3 .29H).  
3. 6. 1 . 9 P B 1 38 (2, 2 ', 3, 4, -I ', 5 '-Hexachlorobiphenyl) 
This compound was found only in  two stations (6  & 7 )  at very low levels with range from 
1 .22 to 1 .75 �g/kg ( Figure 3 .29 I ) .  
3. 6. 1 . 10  PCB 153 (2, 2 ', 4, -1 ', 5, 5 '-Hexachlorobiphenyl) 
This compound was detected in  four stations (4, 5, 6 & 1 5 ) of the study area; and with 
very low concentration range from 1 .08 to 2.3 1 �g/kg (Figure 3 .29J ).  The highest value 
was reported at station 5 ,  whereas the lowest value was reported at station 1 5 . The 
di tribution map of PCB 1 53 shows an increasing trend towards northern parts around Al­
Hamriya stations ( Figure 3 .32) .  
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3. 6. 1 .  l l P B 180 (2, 2 ', 3, 4, 4 ', 5, 5 '-Heptachlorobiphenyl) 
Thi compound exhibited the highe t value and widest distribution. The values ary 
b tween very 10\ , low and high within a range from 0.8 to 86.52 Ilg!kg. The highest value 
was re orded at station 6, whereas the lowe t value was reported at station 2 ( Figure 
3 .29k). The di tribution map of PCB 1 80 exhibits an increasing trend towards the 
northeastern part of the study area. The highest three values were concentrated in AI­
Harnriya stations ( Figure 3 .33 ). 
3. 6. 1 . 1 2  PCB 187 (2, 2 ', 3, 4 ', 5, 5 ', 6-Heptachlorobiphenyl) 
This compound was detected only i n  station 7 with very low concentration of 0.94 Ilg/kg 
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3.7 Element  Di tri b u tion 
Major minor and trace lement , are introduced into the marine environment from both 
natural and anthropogenic sources. atural ources such as atmospheric deposition of 
particle emitted from natural sources and/or weathering of parent rocks (Nriagu, 1 989). 
nthropogenic source of heavy metals include agriCUlture, industrial ,  domestic discharges 
and other human activities can also result in significant enrichment of metal content 
( Bloemen et al., 1 995).  Heavy metals are natural constituents of rocks and soi l ,  many 
metal are biological ly essential, but al l have the potential to be toxic to biota above certain 
threshold concentrat ions ( Haynes & lohnson, 2000) .  Potential impacts from heavy metals 
are generally restricted to locations adjacent to major cities or industrial ized area on 
coastal fringe ( Bat ley, 1 995).  
The concentration of major oxides and trace metals in  Dubai sediments are given in Table 
3 . 1 0. An absorbance of each element was determined by using I e p, for the major oxides 
the obtained value was mult ipl ied by factor oxide, which vary from oxide to another. 
3. 7. 1  Major Oxides 
3. 7. 1 . 1  Silica ( Si02) 
The values of Si02 in  the col lected samples show a restricted variation and l ie within  the 
range from 49.52 to 66.99 wt%, with an average of 56.68 wt% and standard deviation 
( .D) of 5 .47. The maximum value was reported at station 8 and the minimum value was 
found at stat ion 1 1 . The fi ne fTactions (230 mesh) of the samples of stations 5 and 8 
reflected lower concentrations, whereas the samples of stations 2 and 1 4  have relatively 
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higher si l ica value than the bulk amples. tation 9 has significantly higher s i l ica value 
than its corresponding bulk samples ( Figure 3 .34A). 
3. �. 1 . 2  Alumina (AhO) 
The highe t value of AhO) was reported at station 3 and the lowest value at station 1 5 . The 
al ues range between 0.04 to 2 .44 wt%, with an average of 0.86 wt% and S.D of 0.78. The 
Alumina concentration in the fine fractions of stations 2 and 8 decreased but significantly 
increased in stations 5 ,  9 and 1 4  ( Figure 3 .34B) 
3. 7. 1. 3  Iron oxide ( Fe203 ) 
I ron oxide shows the maximum value at station 1 0. whereas the minimum values were 
reported at stations 1 1  and 1 3 . The values range between 0.04 to 1 .76 wt%, with an 
average of 0.52 wt% and S .D of 0.53 .  The fine fraction contents of Fe20) show higher 
concentration in stations 2 and 5 and significantly higher levels in stations 9 and 1 4  
compared with those of the bulk samples, whereas the concentration of Fe20) i n  the fme 
fraction of station 8 has lower value than the bulk sample (Figure 3 .34C). 
3. 7. 1 . 4  Magne ium oxide ( MgO) 
The values of MgO fl uctuate among stations. Station 1 0  has remarkable higher level (3 .09 
wt%) relative to other stations. The minimum value was recorded at stat ions 1 and 9. The 
values range from 0.49 to 3 .09 wt% with an average of 0.97 wt% and S .D of 0.65. The 
M agnesium oxide concentrations in the fme fractions are significantly lower than those of 
the bulk samples except for stations 8 and 9 ( Figure 3 .34D).  
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3. 7. 1 . 5  Calcium oxide ( aO) 
aJcium 0 ide i the second oxide in abundance after Si02. Calcium oxide values show 
near1 imi lar concentrations in most stations. The values l ie within the range from 25. 1 3  
to 48 .55 wt%, with an a erage of 39.33 wt% and S .D of 7.05. The maximum value was 
recorded at station 1 1  and the minimum val ue was found at station 1 0. The fIne fractions 
retlected lower levels of CaO, except for station 8, where CaO val ue is  higher in its fine 
fraction ( Figure 3 .34E). 
3. 7. 1 .  6 odium oxide (Na20) 
The values of Na20 fluctuate with a l imi ted range from 0.68 to 1 .98 wt% with an average 
of 1 .3 1  wt% and S .D of 0.42. The max imum val ue was found at station 7, whereas the 
minimum value was recorded at station 6. The concentrations of Na20 in fine fractions are 
higher in stations 8. 9 and 1 4  but lower in stations 2 and 5 compared with their bulk 
samples ( Figure 3 .34F).  
3. 7. 1 . 7  Potassium oxide ( K20) 
Potassium oxide val ues show a wide variation among stations. The maximum value was 
reported at station 3 ,  whereas the minimum value was recorded at station 1 5 . The values 
range between 0. 1 to 0.77 wt%, with an average of 0 .35 wt% and S . D  of 0.24. Potassium 
oxide concentration in  the fIne fractions was signifIcantly higher than the bulk samples 
except for station 8 showed lower value ( Figure 3 .34G). 
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Figure 3 . 34 : Concentration of major oxides (wt%) in Dubai sediments 
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3. 7.2  Trace Element 
3. 7.2. 1 Barium ( Ba) 
Barium how wide variation among stations, within a range from 1 1  to 95 ppm. The 
maximum val ue was recorded at station 1 0  and the minimum values were reported at 
stat ions 1 1  and 1 3 . An overal l average is  42 ppm and S .D is  29. Barium concentrations in 
the fine fractions show igni ficantly higher level s  than the bulk samples ( Figure 3 .35A). 
3. �. 2. 2 Cadmium ( Cd) 
The values of cadmium showed very low abundances and very l imited variations; ranged 
from 0. 1 to 0.4 ppm. Therefore Cd values in  Dubai sediments could be ignored. The fine 
fractions showed agreement with the bulk samples (Figure 3 .35B). 
3. 7. 2. 3  Chromium (Cr) 
The values of chromium vary widely among stations within a range from 5 to 1 73 ppm. 
The maximum value was recorded at station 1 0  with remarkable higher level compared to 
other stations. The minimum values were reported at stations 1 1 , 1 3  and 1 5, with an 
average of 29 ppm and S .D  of 42. Chromium concentrations in the fme fractions were 
higher and significantly higher at station 9 than the bulk samples (Figure 3 .35C). 
3. 7. 2. 4 Copper (Cu) 
Copper values show an increase from station 1 to 6. The maximum value was recorded at 
station 6, whereas stations 1 ,  1 1 , 1 2  and 1 3  have the minimum values. The values show 
wide variations from 1 to 1 57 ppm with an average of 26 ppm and S.D of 46. The fine 
fractions of samples 8 9 and 1 4  show sl ightly higher concentrations, whereas the fine of 
l OO 
tations 2 and 5 show lower conc ntrat ion than the bulk ( Figure 3 .35 0). 
3 . .  2. 5 Mangane�'e (Mn)  
Manganes alues fluctuate among stations, with relatively high Ie eis in some stations 
and low in others. The Mn values range from 8 to 1 45 ppm with an average of 75 .57 ppm 
and . 0  of 5 1 .6. The maximum value was reported at station 1 0  and the minimum value 
was found at tation 1 2. The concentrations of Mn in the fine fractions in general were 
higher than the bulk sample, and sign i ficantly higher for station 9 ( Figure 3 .35E). 
3. 7. 2. 6  ickel (Ni )  
Nickel values show significant abundance at station 1 0, which represents the maximum 
value ( 1 59 ppm), whereas the minimum values were reported at six of the studied stations 
( 1 .  9, 1 1 , 1 2, 1 3  & 1 5 ) .  The values range from 2 to 1 59 ppm, with an overall  average of 1 9  
ppm and S .D  of 39. The concentrations in  fme fractions were relatively higher than the 
bulk samples ( Figure 3 .35F) .  
3. 7. 2. 7 Lead (Pb) 
Lead values from stat ion 1 to 6 show an i ncrease in concentration. The values were within 
the range from 1 to 35 ppm. The max imum value was found at station 6, whereas the 
minimum values were reported at seven of the studied stations ( 1 ,  8, 9, 1 1 , 1 3 , 1 4  & 1 5  
respectively). The values range from 1 to 35  ppm, with an average of 7 ppm and S.D 
value of 1 0. Lead concentrations in the fi ne fract ions show sl ightly higher values than 
those of the bulk samples ( Figure 3 .35G).  
1 0 1  
3 ? 2. 8  tronlium ( r) 
The aJue of r are ery high compared with other trace elements concentrations. The 
value ha e the rang from 1 2  I 2 to 520 1 ppm. The max imum value was recorded at station 
1 1  and the minimum value was reported at station 1 0, with an 0 erall  average of 3400 ppm 
and . D  alue of 1 269. trontium concentrations in the fine fractions show significant 
low r alue compared to the bulk samples (F igure 3 .3 5 H ). 
3. �.2. 9 Vanadium (V)  
Vanadium values range from 2 to 27 ppm; the max imum value was recorded at station 1 0, 
whereas the minimum values were found at six of the studied stations ( 1 ,  9, 1 1 , 1 2, 1 3  & 
1 5), with an overal l  average of 9 ppm and . D  of 8. The concentrations of V in the fine 
fractions are sl ightly higher and relatively higher in  station 9 compared to the bulk samples 
( Figure 3 .3 5 1 ). 
3. 7. 2. 1 0  Zinc (Zn) 
Zinc values vary widely among stations within a range of 6 to 4 1 5  ppm. The maximum 
value was recorded at station 6, whereas five stations ( 1 ,  9, 1 1 , 1 2  & 1 3 ) have the 
minimum value, with an average of 60 ppm and S .D of 1 08 .  Zinc concentrations in the fine 
fractions are sl ight ly higher compared to those of the bulk samples except for stations 5 
and 2 in which the fme fraction has relatively lower level ( Figure 3 .35J) .  
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Figure 3 .35 : Concentration ojtrace elements (ppm) in Dubai sediment 
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3.8 M i nera l  Com position 
X-ra d iffra tion was u ed to find out the mineral compo ition of the various sediments 
ample in the tudy area. Table 3 . 1 1 i l lustrates the mineral compositions of Dubai 
ediments. In general carbonate mineral (calcite) is the most abundant mineral and found at 
a l l  tat ion as  a major mineral . except for the samples col lected from Dewa ( St 9 ) ,  Jebel 
Al i  ( t 1 1 ) and Ra Ghantoot ( t 1 3 ) .  Aragonite fol lows calcite in  abundance as major 
mineral .  Quartz is Ie s common and distributed only at six of the studied stations (2,  3, 4, 6 
& 1 4) as a major mineral .  whereas dolomite is rare in distribution and reported only at 
tat ions 5 and 1 0. ample of Al-Marnzar mouth ( St 1 )  characterizes by the presence of 
calcite and aragonite as a major mineral , whereas Al-Marnzar mid and end (St 2 & 3 )  
compose o f  calcite and quartz. Sample o f  AI-Hamriya t 1 ( St 4 characterizes by the 
presence of calci te, quartz and aragonite; Al-Hamriya St 2 (St 5 )  contains calcite, dolomite 
and aragonite whereas Al-Hamriya St 3 ( t 6)  characterizes by calcite and quartz as major 
minerals. Dry Docks sample (St 7) composes of calcite whereas aragonite and calcite are 
forming the major minerals at J umeirah Beach Hotel ( St 8) .  Dewa (St 9)  characterizes by 
aragonite, whereas Dubal (St 1 0) characterizes by dolomite and calcite as a major minerals. 
amples of Jebel Ali Hotel ( St 1 1 ) and Ras Ghantoot ( St 1 3 ) contain aragonite, whereas 
Ras Hisyan ( St 1 2) characterizes by calcite and aragonite as a major m inerals. Dubai 
approach ( t 1 4) and Neptune Wreck ( St 1 5 ) contain calcite and aragonite in addition of 
quartz at Dubai approach. Among subordinate minerals, plagioclase, quartz, calcite and 
dolomite distribute in Dubai sediments. Dolomite is the most abundant as minor mineral. 
whereas quartz, chromite, pyroxene, aragonite, plagioclase and amphibole are less 
abundant. Figure 3 .36  demonstrates the X-ray of existing mineral based on the intensities 
of their strongest diffraction peaks. 
1 06 
Table 3 . 1 1 : Di\trihulion of rnajor. suhordinate and minor minerals in Duhai 'edimenH 
Station Loca lity M ajor mineral( ) 
I 
I-Mamzar mouth Calcite, Aragonite 
2 
I-Mamzar mid 
Calc ite, Quartz 
3 
AI-Mamzar end alc lte, Quartz 
alcite, Quartz, 
4 




AI-Hamriya t 2 
Aragonite 
6 











1 0  
Dubal 
Dolomite, Calc ite 
I I  
Jebel A l i  Hotel 
Aragonite 
1 2  
Ra H isyan 
Calcite, Aragonite 




1 4  
Dubai approach 
Aragonite 
1 5  Neptune Wreck Aragon ite, Calc ite 
1 07 
Su bord inate m ineral(s) 
Quartz, P lagioclase 
Plagioclase 
. . . . . . . . . .  
Plagioclase, Dolomite 
. . . . . . . . . .  
Plagiocla e, Dolomite 
Quartz 
Plagioc la e 
alc ite 
. . . . . . . . . . . .  
Quartz, Calcite 
Quartz, P lagiocla e 
Calc ite 
. . . . . . . . . . . . .  
. . . . . . . . . . . .  . 





. . . . . . . . . . .  
Quartz, Chromite 
. . . . . . . . . . . .  
Dolomite, Aragonite 
Dolomite, Pyroxene 
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D I SCUSS I ON 
4. 1 I n trod uction 
The fate f organic and inorganic pol lutants in the marine en ironm nt ha been tudied 
e. ten ivel} in both qualitat ive and quantitative detai l 0 er th past 1 5  years. The ecological 
impact are al 0 better under tood· many biological effect have been measured and orne 
t icological patterns have become apparent. Marine bird and marnmal are isible 
victim of il pi l l . The oncem for chronic ublethal effect caused by the e pol lutant 10 
low-en rgy, hal low c astal water and horel ine is increasing (GE AMP, 1 993) .  
I n  the com pari on of anthropogenic and natural environmental factor , we can already 
recognize that the very rapid en ironmental de vel pment e p cial l} of coa tal region led 
to high quantity of anthropogenic input, which refl ct a negative impact on coastal 
eco y tern and l imit the urvi al capacity of organi m ( Fel lenb rg, 2000). 
Due to the increase in indu trial development, the degree of pol l ution b fo si l  fuel-derived 
hydrocarbon how d an increa ing tend ncy. The general di tribution pattern of organic 
pol lutant in the ediment reflects the pol lutant discharge from indu trial and urban sources 
( Hong et af. , 1 995) .  
ontaminant in aquatic eco ystem, uch as organochlorine, polychlorinated biphenyls and 
heavy metal , cau e variou harmful ffects on human and wi ld l ife. Monitoring aquatic 
pol l uti n i a crucial tcp in ontro l l ing water qual i ty and in the management of aquati 
and emi-aquatic wi ld l ife ( Yamaguchi el al., 2002 ). 
orne ontaminant u h as PAH compound are ad orbed on u pended particle , and 
then ett le  and ac umulate in bottom dim nts. The contaminant in ediment are much 
Ie -ubject to degradation than i f  they were in the wat r column. The concentration of 
c ntaminant in ediment are frequent! u d a indice of th rate of contaminant inputs 
into aquatic en i ronment (Neff, 1 985 ).  
The tudi and a e ment f marine pol l ution are underpinn d by a set of definition . 
mo t f \ hich have a basi in relation t chemi al input . But orne propo ed biological 
rgani m as agent of pol l ution in the marine environment . uch a introduction of non­
indigenou pecie through wastewater di charge into marine en ironment (E l l iott, 2003) .  
Al  0 th high nutrient upply upport a high Ie  el of primary productivity b 
phytoplankton. proce de cribed as eutrophication ( K i l lops and Ki l lop , 1 993) 
Hi  torical ly. marine sediment i con idered to b the ultimate ink for many cla ses of 
anthropogenic c ntaminants. Howe er, recent tudies ( Loganathan & Karman, 1 99 1 )  have 
demon trated that during the l a  t decade environmental regulation ha re ulted in a 
reduction in  the loading of waste from terrestrial ource , but the marine sediment re ervoir 
could act as a non-point ource, and has the potential to relea e the ' in-place 
contaminants' causing advers effect to organism and to human health through tTophi 
tran fer ( Hong el aI, 1 995) .  
ediment pol l ution was found to be complex as it i geographical ly  not only l imited to the 
intr ducing part, but a l  0 affi ct l arge cale of th mann en ironment. ediment qual ity 
was trongly influenced by up tream input and partly by th asymmetric tide cycle, 
I I I  
re ul ting in accumulation f the finer diment with the highe t pol luti n load in the 
up tream part (Vandeca teele el a/., 2002) .  
Many attempt were made by e\eral re earcher to quantifY the extent of petroleum 
hydr arb n and hea y metal p I l ution in edim nt . K venvolden el al. 1 993 ) ;  1-
Thukai r and I-H inai ( 1 993 ) ;  De Domenico el al. ( 1 994) and imp on et al. ( 1 995) 
determined the il pol l ution and it impact on marine environment. teimle el al. ( 1 990); 
ienche ki el af. ( 1 994); Depledge el af. 1 995 ) and I mai l el al. ( 1 995)  as ed heavy 
metal p l l ution and it impact on the marine l i fe in everaJ areas around the world. 
4.2 N at u ra l  Backg rou nd Levels 
The ba kground levels (natural levels)  ar the concentration of element or comp und 
before any anthropog nic i nfluence or the concentration which have no or minimal 
eff ct on marine nvironment and aquatic l i fe. In other word i t  i what be pre ent with ut 
e ternal perturbation. Al 0 background concentration Ie e l  are defined as these 
concentration commonly found in oi l  that considered c lean and are a function of oi l  
organic matter and c lay content ( Tack et  al. , 1 997).  The as e sment of p l lutant alue for 
d ifferent source pro ide guidel ine and indicate threshold level above whi h action mu t 
be taken to remediate the soi l (Vandecasteele et al. , 2002). 
4. 2. 1 Total Petroleum Hydrocarbons (TPH) 
The Arabian Gulf  has a long hi tory of oi l  pol l ution, due to many reason . About 2 Mbbl 
of o i l  d i  charge annual ly into the northern part of the Gulf ( Literathy, 1 993 ). Natural o i l  
ource of pol l  ution in the region and con ti tute about 1 0% of the 
overal l o i l  di charg (AI-Harmi ,  1 988) .  Pip l ine accident and hipping acti itie pro ide 
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an thcr urce of i l  p l l ution. More er, the p trolewn indu try provide other ourc 
f p l Iutant·  in the regi n ( Ma oud et al., 1 996). A mi  ed petrol urn product c ntaining a 
br ad pcctrum of h dr released to the marine environment where it may 
affe t a variety f biological proce e and be a p tent cel l mutagen and carcinogen 
( ap ne & Bauer, 1 992). Ma ud ef al. ( 1 996) e tabl i  hed the fol lowing alue of TPH 
dl), i l  c ia ediment fraction, as guidel ines for pol lution Ie el in  bottom ediment of 
the Arabian ulf: 
1 0- 1 5 f..lg/g npo l lut d area ( natural back ground level ) 
1 5-50 flg/g l ightly pol luted area ( upper permi ible l imits) 
0-2 0 flg/g M oderat Iy pol luted area 
> 200 flg/g Heavi l  pol luted areas. 
I n  omparing the e value with th values obtained from Dubai sediment , only Al­
Hamriya t 1 ( t 4 )  and Jebel A l i  Hotel ( t I l )  ha e been attained the background level . 
AI-Marnzar area ( t 1 ,  2 & 3 ), Dubal ( t 1 0) ,  Dubai approach ( t 1 4) and Neptune Wreck 
( t I S) are l ightly p l l uted areas. Dry Dock ( t 7) ,  Jumeirah Beach ( t 8 ), Dewa ( t 9),  
Ras H isyan ( t 1 2) and Ra Ghantoot ( St 1 3 )  are described a moderately pol luted ar a . 
AI-Hamriya t 2 ( t5 ) how d high Ie e l  (4888 flg/g), which described as hea i ly pol luted 
area; but AI-Hamriya t 3 ( t 6) provided une pectedly high level of TPH (480 1 8  flg/g), 
which can be described as over heavi ly pol l uted area. Bearing in mind the te tural c las in 
thi tation is muddy and (25% mud and 7 1  % sand), which ha les abi l ity in adsorptio
n 
of TPH than the si lt/clay. 
Table 4. 1 umrnanze the data conducted by hriadah ( l 998a) abou
t the petroleum 
hydrocarbons p l l utant along the Arabian Gulf coa t of the UAE. 
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fable 4. 1 : The 'e�·el.\ oj TPH along the {JAE coa ( (. hriadah. 1 99 a) 
E m i rate TPH Ilg/g 
Ras A 1-Khai mah 4.55-7.4 
Umm AI -Quwain 4.5 1 -7.03 
Sharjah 5 .99-7.25 
Abu Dhabi 6.38-9.85 
Acc rding 10 1h P rvious data propo ed by hriadah 1 998a) the tud. area showed 
i ncomparable alue . Al l  the tation showed higher values with, level vary between so 
high and l ightl, high e cept for AI-Harnriya t I ( 1 4) and Jebel Al i  Hotel ( 1 1 1 ) were 
within the propo ed range. The maximum alue i 24009 time higher than the minimum 
alue, �hich exhibit a very large cale of fluctuation. 
Worldwide ub tantial data ha e been publ i  hed regarding the concentration of TPH in 
the marine diment among the e, petroleum hydrocarbons in urficial sediments from the 
coast f Oman range from 0.8 to 1 9  Ilg/g. Total hydrocarbon concentration In 
uncontaminated d iment from coastal water in Au tral ia were in the range 0.2-5 .0 Ilg/g 
( hriadah. 1 998a). Total petroleum hydrocarbon in surficial edim nt from P rt-of- pain 
Harbour, ranged from 2 .8-240.5 Ilg/g. nu ual ly high levels (28 .2- 1 7 1 47.5 Ilg/g) of 
p troleum hydrocarbon were found in the Gulf of Paria, Trinidad (Shriadah, 1 998a). The 
alue of TPH in AI-Harnriya t 3 i 2 .8 tim s higher than the value, which was reported 
in Gul f of Paria ( 1 7 1 47 Ilg/g). Furthermore, Massoud et af. ( 1 996) found TPH in hea i ly 
pol luted area, which affected by Kuwait o i l  l ick ranged from 266- 1 448 Ilg/g· Th 
recorded val ue from AI-Hamriya t 3 is 33 time higher compared with last value ( 1 448 
Ilg/g). Th c ncentrations of TPH in ediments at the mo t everely impacted areas along 
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'audi rabian oast one . ear after the ulf War oil pi l l  were 1 0000 Jlg/g ( Haye ef al. , 
I 93 .  Thi value i 4 .  time lower than TPH alue at l-Hamriya t 3, hich confirm 
the p �IYiou c n lu i n about abnormalit f thi value. 
Ba d n the pre nt data five m derately ( 1 08-223 Jlg/g) and heavily (4888-480 1 Jlg g) 
pol luted region are recogniz d in the tudy area. Three are located in the northeastern 
part : on h avi l  p \ luted i located in the far northeastern part at AI-Hamriya t 2 and 3 
( t 5 & 6) .  n ther t 0 are moderately pol l uted; one i located in th  middle northeastern 
part at Dry Do k ( t 7 )  and the other i located in the near northea t rn part at lumeirah 
B a h  t 8 ) .  I n  the outhwe tern part there are two mod rately p l l uted regions; one i 
I cated in  th near uthwe tern part at Dewa ( t 9) and the oth r i located at the far 
outhwe t rn part at Ra H i  yan ( t 1 2 ) and Ra Ghantoot ( t 1 3) .  
The very high level o f  TPH at heavi ly pol luted region III AI-Harnriya t 2 and 
unexpe ted I high value in  AI-Harnriya t 3 ( represent 9/ 1 0  [90%] of total value of TPH 
in  the tudy area) are majority attributed to the pre ence of AI-Hamriya Port. Navigation 
route. grazing, and hip painting, incompl te combu tion of oi l  product , recent 
G A M P, 1 993)  and anthropogenic di harge could be the dir ct 
source of pol l ution. Becau e of V and N i  are the large t trace metal con ti tuent of crude 
oi l ,  and hence their pre ence in high concentration in marine ediment may indicat dir ct 
i nput from oi l  pol lutants (AI-Abdali  et ai, 1 996). Therefore the relatively low value of V 
and Ni  in  AI-Hamriya t 2 ( 1 0  ppm and 1 7  ppm) and AI-Hamriya t 3 ( 1 4  ppm and 1 6  
ppm) di prove the pre ence of natural seepage or any damages i n  oi l  pipe l ines (crude oi l  
and rai e the sugge tion of anthropogenic source. 
The high Ie el of TPH in bottom sediments might also be a result of precipitation of thick 
re idual oil components aft r the e aporation of the low r b i l i ng-point component 
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( 'hriadah. 2000). nother interpretation for thi huge value at I-Hamriya t 3 i that level 
rna ha C oc urr d a temp ral event during or hortly. The m deratel) p I luted r gi n 
at Dry Do k ( t 7 )  i '  mo tl attributed to the pre enc of dry dock . which might received 
p troleum input fr m tanker damage. water debal lasting, tankers maintenance. Also 
nearb: otT: hore di charge could provid another source. The moderately pol luted regions 
at J um i rah Bea h t ), Dewa ( t 9) and Ras Hisyan ( t 1 2 ), and Ras Ghantoot ( t 1 3 ), 
\\<hich are far from navigation route and oi l  act ivate . the private usage of the coast where 
many large hotel are on tructed could act as a direct ource of oi l  input. 
4.2. 2 Total Organic Carbo" (TOC) 
The organic matter cont nt of sedi ment . quantified by the concentration of total organic 
carbon ( TO ).  i thought to pIa an important role in  the accumulation and release of 
di fTerent micropol lutant ( Ma soud et al . •  1 996). Literathy et al. ( 1 992 ) found that the 
natural background 1 vel of T in  the bottom ediment of the Kuwait marine 
en i ronm nt are in the range of 0.5-0.8 wt%. 
Th data for Dubai sediments showed that al l the stations were at background level except 
for Al-Hamriya station . TOe at AI-Hamriya t i t 4) is 1 .2 1  wt%. which i 1 . 5 time 
high r than background Ie el; Al-Hamriya t 2 ( t 5 )  showed level of 1 .8 t imes higher, 
whereas Al-Hamriya t 3 ( t 6) howed value of 7.4 time higher than unpol luted value. 
The maximum value is about 37 times higher than the minimum. whi le Al-Hamriya t 3 
repre ents approximately hal f  (46%) of TO value in the tudy area. 
Table 4.2 demon trates a comparison between the data obtained by e eral re earcher of 
organic carbon contents in ediment from different areas of UAE coast with pre ent 
stud). E idently T val ues, which, recorded in Dubai ediments, are higher than the 
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val ue provided by Abu H i lal and Kbordagui ( 1 992) of AE coast . AI-Hamriya t 3 
ho ed level of 2.2 time higher than the earl ier value r ported by Abu Hi lal and 
Kh rdagui ( 1 992) at the arne environm nt. hriadah ( 1 998a) p rformed tudy on th 
organi carbon c ntent in ediment from th Arabian Gulf coast of UAE. The e alue 
v. ere at th background level , but the value , which wer obtained from Dubai sediment 
in thi tud h wed higher Ie el in compari on with Ras AI-Khaimah (0. 1 2-0.89 wt%), 
mm AI-Quwain (0. I S-O.38 wt%), hrujah (0.49-1 .2 wt%) and Abu Dhabi (0.4S-O.77 
wt%). 1 - anunak ( 1 99 ) as e ment of organic carbon in  Dubai r ek was in a range 
from 0.00S2 to 0.44S wt% but the pre ent tud) provided a range from 0. I 6-S.9 wt%. The 
concentration of TO at AI-Hamri a t 3 is about 1 3  t ime higher than th previou value. 
The TO in Dubai ediment from AI-Qubai i (200 1 )  tudy was in a range from 0.06-0.27 
wt%, which repre ent ignificant lower range compared with pre ent range. The I vel of 
T at Al-Hamriya i about 22 t ime higher than the previous range. The variation 
b tween the e values and the pre ent value mainl attributed to the variation in  the sites of 
col lection. 
In contrast the alue of TO in AI-Harnriya St 3 (S .9  wt%) i comparable with the value 
recorded b De hgooni ( 2002 at Dubai Creek (S .8  wt%). Worldwide T C val ue howed 
al 0 quantifiable level with the value obtained from muddy sediments of Baltic ea ( S . 7 1  
�t%), in case of there i no effect of textural c lass in accumulation of organic matter. 
Based on previou reports one heavi ly  pol luted (S .9  wt%) region could be recognized in  
the northeastern part of the stud area at AI-Harnriya t 3 ( t 6). It i ob erved that the 
northeastern parts of the study area contain high r TOC contents than outhwest m part . 
I n  the pre nt study, the h igh level of TO mainly related with high TPH. Which 
ugge ted anthropogenic (man-made ource of pol l ution. 
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ignificant po itiv correlation (r  = 0.98) ha been found between T C and TPH 
concentrati n ( Figure 4. 1 ). Sa ed on thi re ult, it may be ugge ted that organic carbon 
concentrati n could be con ide red a an indicator f petroleum pollution in the area, a 
onelu ion that i' in agreement ith the earlier ob ervation of mara ( 1 998) and hriadah 
( 1 99 a) in ca e f hea il oi led ediments. 
Table 4._ : Organic carbon contents (wt%) in ediment from the UAE coa Is 
Reference A rea Range Average ± S. D 
bu Hi lal & Kh rdagui 
Dubai 0. 1 4-2.65 1 .02 ± 1 . 1 5  
( 1 992) 
Abu H ilal & Kh rdagui 
harjah 0.44- 1 .36 0.78 ± 0.35 
( 1 992) 
Abu H i lal & Khordagui 
Ajrnan 0.24- 1 .42 0 .7 ± 0.5 
(1 992) 
Shriadah ( 1 998a) Ra Al- Khairnah, 0. 1 2-0.89 0.34 ± 0.29 
Shriadah ( 1 998a) Umm Al-Quwain 0. 1 5-0.38 0.27 ± 0.22 
Shriadah ( 1 998a) Sharjah 0.49- 1 .2 0.57 ± 0.43 
Shriadah ( 1 998a) Abu Dhabi 0.45-0.77 0.6 1 ± 0.4 
E I-Sammak ( 1 998) Dubai Creek 0.0052-0.445 0. 1 53 
Al-Qubaisi (200 1 ) Dubai 0.06-0.27 0. 1 ± 0.08 
Deshgooni ( 2002) Dubai Creek 0.3-5 .8  2 .7  ± 1 .6 
Pre ent study Dubai offshore 0. 1 6-5 .9 0.86 ± 1 .44 
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TPH vs TOC 
TOC = 45324 + 0001 1 • TPH 
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4.2.3 Total Kjeldahl Nitrogen (TKN) 
itr gcn i e ential in  produci ng amino acid . the bui lding block of protein (Thurman 
and Truj i l lo. 1 999) .  Ammonia i a nutrient compound. which rapidly undergoes biological 
com er ion. i . . . o. idation into nitrite (N02- ) and nitrate ( 0]- ) and fixation as amino­
b und nitrogen in rganl m .  itrite is  an intenn diate compound, which occur i f  
amm n ia  i 0 ' idized or nitrate i r duced. The pr enc of higher amounts of nitrite « 0. 1 
Jlg/I of O2- ) sign ifie the presence of high bacterial activity in the seawater ( R  PME. 
1 999) .  I n  orne case of nutrients, particularly nitrogen and pho phoru , can I ad 
to enhan producti ity and depl tion of dis olved oxygen ( DO) in aquatic sy t m . The 
cum ulative ef ect of nutrient loading result in eutrophication, an enrichment of water by 
nutrient , which can lead to an increa e in b ioma and natural productivity within a given 
aquatic community tructure ( W i  I on et aI. , 1 993 ) .  This can caus major ecological 
change _ e.g. algal bloom , reduction in  pecie diver ity and major change in community 
tructure. Thus. as essing nutrient concentration i of paramount importance for providing 
in ight into the relati health of aqueous environments. 
Th obtained data of TKN in Dubai sediments showed higher concentration compared to 
the maximum value (300 Jlg/g) sugge ted by Al loway ( 1 993).  Only AI-Marnzar mouth ( t 
1 )  and Dubal ( t 1 0) have been achieved the previou level .  Al-Harnriya tation howed 
higher I vels range from 8 1 4  to 2222 Jlg/g, which repre ent from 2.7 to 7.4 times higher 
than the ugge ted level .  Another high value (2457 flg/g) was found at 0 wa ( t 9), which 
represents 8.2 t imes enrichment than the uggested level .  The maximum value is  about 1 1  
t ime high r than the minimum value. 
Th high concentration of T KN at AI-Harnriya t 3 ( t 6) and Dewa ( t 9) probably 
originated from run-off of ferti l izers, l ive tock and human wasks and municipal se age-
1 20 
treatment faci l i tie . Another interpretation of high alue of TKN may b attributed to high 
level of TPH (4 0 1 8  �g/g), which increase the mortal ity rate among the aquatic 
organi m uch as phytoplankton and zooplankton. That enhance the ba terial 
decomp ition acti ity, which increase the rat of nitrit . 
It i important here to mention the Redfield ratio in marine sediment (carbon:nitrogen: 
ph phoru ) .  That repre nts the average atomic ration of :N :P  0 06: 1 6 : 1  re pectively) in 
marine phytoplankton ( EI- abrouti el al., 1 990), the rat io of C :N is about 6.625. Table 4.3 
i l lu trat the ratio of : in the tud area, it i obvious that al l  the tation showed 
d iation b increase from th Redfield ratio xcept for Dewa ( t 9) with ratio of 0.94, 
whi h howed harp de iation by decrease. nly Ras hantoot ( t 1 3 ) with ratio of 6.97 
nearly achieved the Redfield ratio (6.625) .  AI-Hamriya t 3, t 2 with ratios of 26.55 and 
1 7 .32 re pectively and Dubal ( t 1 0) with ratio of 23.77,  exhibited harp deviation by 
increa e from the R dfield ratio. 
The harp deviation from the Redfield ratio at Dewa t 9), which ha the highe t alue of 
TKN (2457 �g/g) and relatively low level of TO (2300 �g/g) could be attributed to 
preferential oxidation of carbon than nitrogen (EI-Sabrouti el al., 1 990). The harp 
de iation at AI-Harnriya t 3 and AI-Harnriya t 2, which have the high value of TOC 
( 59000 �g/g and 1 4 1 00 �g/g) and high TKN value (2222 �g/g and 8 1 4  �g/g) lead to 
produce high ratio. The deviation from the Redfield ratio at Dubal ( t 1 0 ), where TOC 
value is relatively low (6300 �g/g) and al 0 the TKN value is low 265 �g/g, which 
produced h igh ratio. The e ratios may be al 0 attributed to variabi l ity in the elemental 
c mp ition of phytoplankton and zooplankton and/or highly terrestrial input ( 1 - abrouti 
et al., 1 990). 
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1 he di tribution of TK in Dubai edim nt  re eal d two hea i l .  and moderatel (8 1 4-
(2457 Ilglg) contaminat d region . ne hea i ly and moderatel. 
contaminated r gion i I cated in the far northea tern part at AI-Hamriya area ( t 4-6); 
an th r hea i l  contaminated region i locat d in th near outhwe tern part of the tudy 
area at Oewa ( t 9) .  
The high Ie e l  of TKN in AI-Hamriya tation and Dewa (AI-Harnriya t 3 and 0 wa 
e hibit more than 1 /5 [ 2 1 %  and 23% respectively ]  of TKN value ) are related with land­
ba ed di charg . s it w 1 1  known that the main ource of nutrients enrichment are the 
fert i l izer . 
Figur 4.2 & 4.3 exhibit positive correlation b tween TKN and TPH (r = 0.6 1 ); TKN and 
TO ( r  = 0.6 1 ). I t  i worth. to note that i n  the pre ent tudy TPH, TO and TKN have the 
ame trend of an incr a e which is toward northeastern except for TKN which al 0 has 
another trend of an i ncreas toward outhwe tern ( Figure 4.4A, B & 
122 
Table 4 .3  : The ratio of organic carbon:nilrogen in Dubai ediment 
tation Local ity TO (I-lg/g) T K  (I-lg/g) CI 
I AI-Mamzar mouth 1 600 2 1 8  7 34 
2 I -Mamzar mid 4400 20 IO 8 
3 AI -Mamzar end 5200 4 1 0  1 2 68 
4 I - i lamriya t I 1 2 1 00 93 J n 
5 AI-Hamriya t 2 1 4 1 00 8 1 4  1 7  12 
6 AI-Hamriya t 3 59000 2222 26 5 5  
7 Dry Dock 5500 523 J O � 
8 Jumeirah Beach 2500 234 J ) 
9 Dewa 2300 2457 
1 0  Dubal 6300 265 21 T 
1 1  Jebel A l i  Hotel 3 700 3 85 9 ('  
1 2  Ra Hisyan 2700 324 8 3 1 
1 3  Ras Ghantoot 2300 330 
1 4  Dubai approach 4400 507 8 
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Figure 4.4 : The relationship between log concentration (Jlg/g) oj TPH, TO and TKN 
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4.2.4 Polycyclic Aromatic Hydrocarbon (PARs) 
Poly _ cl ic  aromatic hydrocarbon are known to b mainly product of incompl te 
c mbu tion proc e due to a lack of 0 gen. The are compo d of two or more fused 
ar matic ring . n the basis of their prop rtie and their mol cular weight, two clas e of 
P AH can b di t ingui hed: 
1 )  The two and thr ring aromatic from naphthalene to anthracene. 
2 The four to ix ring aromatic from fluoranthene to indeno( 1 ,2.3-c,d )pyrene. 
The lower-mol cular-weight two and thr e ring PAH ha e a significant acute to icity, 
v.hereas orne of higher-molecular-weight P AH how a high carcinogenic potential (Witt, 
1 99'" ) .  
Few publ i hed material were found about the concentration of PAHs in marine sediment. 
The alue, which obtained from Victoria H arbour, e timated the concentration of TPAH 
from 1 .2 to 1 4  Ilg/g ( Hong et at. , 1 995). However the data, which was gathered from Dubai 
ediment , howed higher levels for some compounds of P AHs; especial ly  of higher­
molecular-weight. Chrysene, benzo(k)fluoranthene and benzo(g,h,i )perylene are measured 
34.8, 43 and 46. 1 Ilg/g re pectively. On the other hand the concentration of P AH in Dubai 
ediments showed lower levels compared with the data obtained from the Baltic ea ( Witt, 
1 993 ). Table 4.4 i l lustrates the minimum and maximum values of PAH compounds in two 
reglOns. 
According to th provided data all P AH compound in Dubai sediment are con idered to 
be low. The po ible explanation for PAH enrichment in Baltic ea ediments is  attributed 
to easonal ariation. Due to high temperature of Gulf waters compared with Baltic ea, 
which enhance the microbial degradation, the value of P AHs wi l l  be lowered in  Dubai 
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ed iment . Another r ason for the low Ie el of PAI l in Dubai ediment that the primary 
ource of anthr pogenic P H in th en ironment is thought to be atmospheric depo ition 
( Witt , 1 995) .  The u e coal-fire power plants and combustion related to private heating 
ource in cold countrie . which relea e large quantities f oot and that increa e P AH 
depo ition . 
The total P H (0 .09-1 62 �g/g) in Dubai ediments found to be lower than the value 
recorded along audi Arabian coa t ( 1  0-300 �g/g) one year after the Gulf War ( Hayes et 
al . . 1 993 ) ,  although this range wa in hea ily oil contaminated ediments. I n  contra t the 
total P AI -I in Dubai ediments showed higher level than TP AH ( 2 . 9-6 1 �g/g) recorded in 
Xiamen Houbar ( Hong et aI. , 1 995 ) .  
One contaminated region in  the study area can be recognized located in  the far northea tern 
part at I-Hamriya t 3 ( t 6) .  TPAHs in thi stat ion is more than 9/ 1 0 ( 92%) of an overall 
alue . The rna imum value i 1 800 times higher than the minimum value, which exhibit 
a dra t ic variat ion. 
The concentration of P AHs correlated positively with TO . The highest concentration of 
pyrene, chry ene, benzo(k)fluoranthene, dibenzo(a,h)anthracene and benzo(g,h,i)perylene 
were recorded at AI-Hamriya St 3 ( t 6) .  This conf\lTl1S the earlier conclusion propo ed by 
Evan ef al. ( 1 990) that the highest amount of PAHs almost associate in sediment with a 
high TO . The di tribution pattern appeared to be related to oil pollutant ources, such as 
di charge from ve el and port activities ( Hong el aI. , 1 995 ) .  
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Table 4.4 : 'ompari on between the concentration of PA R {Jlglg} in Dubai 
and the Baltic 'ea sediments 
� 
Dubai Baltic Sea ( and� 
Ratio of PA Hs in  
BaJtic ea: Dubai 
Com pou nds cdiments 'cdi mcots) (Witt, 1 993) sea 
Naphthalene 0 09-6.6 0 05-5 .88 0.9 
Acenaphthene nd 0.69-26.95 -
Fluorene 0,2�.78 0. 1 5-5 .36 6.9 
Phenanthrene 0.02-0.32 1 .4-47.88 \ 49.6 
Anthracene nd 0.2-47. 1 2  -
Fluoranthene 0.04-3 .9 0.83- \ 5 1  38 .7  
Pyrene 0.03- 1 3 ,7  0.4-85.9 6.3 
Benzo(a)anthracene 0.0�.2 0.25-66.52 332.6 
Chry ene 0.02-34.8 0.28-58,2 1 .7 
Benzo(b )fluoranthene 0.3-3 . 1  0.75- \ 57.22 50.7 
Benzo(k)fluoranthene 0.02-43 0.3 1 -62.35 I A5 
Benzo(a)pyrene 0.05-2.34 0.36--94.94 40.6 
Dibenzo(a,h)anthracene 0.03- 1 0. 5  0.08- 1 4 .74 I A  
Benzo(g,h, i )  perylene 0.03-46. 1 OA- 1 1 6.69 2.5 
I ndeno( I ,2J-c,d)pyrene 0.02-0.3 0.03- 1 44 480 
nd (Not detected) 
1 28 
4.2. 5 Polychlorillated Biphellyls (PCBs) 
The wel l-knov.n acron m P B tand for a gr up of indu trial organochl rine ch mical 
that become a maj r envir nmental concern in the 1 980s and 1 990 . a re ult of careles 
di p al practice , they ha e become a maj r environment contaminant in many areas of 
the world .  In orne 10 ales, P B are de troyed by incineration whi h produce another 
hemi al ompound rna become more toxic to the n ironment than the parent 
compound . PCB are now wide pread in the environment and can be detected ill alr, 
water, o i l ,  edim nt and organi ms; th typical environmental concentration i 2-50 
Ilg/kg in oi l  (Ki l lops and Ki l lop , 1 993) .  P B are trartsported from application and 
depo itional ite to the aquati en ironment in overland flow and ground leachate 
f ! lowing rainfall (Clendening el ai., 1 990).  Poly chlorinated biphenyls can al 0 enter the 
environm nt as contaminant contained in effluent discharge and in urban stormwater 
runoff P B tend to ad orb to fine particulates or be bioac umulated into l ipids in aquatic 
biota ( I en el al. , 1 982) .  
Based on pr vious range (2-50 Ilglkg), total P B in AI-Harnriya t 1 and 2 ( t 4 & 5 )  
value ( 34.9 and 34.6 Ilglkg) approach the major term (50 Ilglkg), whereas the value (93 .3  
Ilglkg) in Al-Harnriya t 3 ( t 6) was 1 .9 times higher than the typical environmental 
on entration. Al 0 Dry Dock ( t 7) showed Ie el (46 Ilglkg) sl ight ly lower than th major 
term of typical concentration. The other tations howed Ie els approach the minor term of 
previou range (2  Ilglkg), only AI-Marnzar mid ( t 2) displayed lower value (0.8 Ilglkg)· 
All P B compounds were not detected in stations 9, 1 1 , 1 2  and 1 3 . 
In compari on the concentration of TP Bs in Dubai ediments (0 .8-93 .3 Ilglkg) with 
concentration of TP B in Victoria Harbour 32 1 600 Ilglkg). It was found that Dubai 
diment howed very low level values of P B . The high value of TP Bs in Victoria 
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Harb ur wer from a ampling 10 ation situated where indu trial v aste are di charged 
( I I  ng el aI. , 1 995 . I n  contrast the average concentration of TP B in an Franci co Ba 
i 2 .9 ± 1 .0 �gfkg ( Bothn r el aI. , 1 998 ) .  Thi howed significant lower level than the 
alue btained from Dubai marine ediment with an a erage of 1 7. 1 7  ± 25.7 �g!kg. This 
average i nearly 6 time higher than which in an Franci co Ba . The highe t alue 
(34.9, 34.6, 93 .3 & 46 Ilg/kg) were recorded for Al-Hamriya tation and Dry Dock 
re pecti e l . l -Harnriya t 3 represent more than 1 13 (36%) of total P Bs alue in 
Dubai ediment . The max imum value i about 1 1 7 times higher than the minimum with a 
wide variation between two value . 
Two contaminated region can be recognized in the study area, one i located in the far 
northeastern part at AI-Harnriya tations. The other one i located in the middle 
northeast rn part at Dry Do k . 
The high value of TP Bs in AI-Harnriya stations and Dry Docks may be related to the 
location, ediment grain ize and organic carb n contents as reported b Fowler ( 1 990). 
The expected ource of P Bs in Dubai marine sediments is fal lout or runoff becau e the 
primary method of disposal of the waste is by incineration. Another important source may 
be related to using chemicals in Al-Hamriya Port and Dry Docks. It i notable here that the 
high value of TPeBs in AI-Harnriya stations mainly attributed to P B 1 80 (2,2 ' ,  3 ,4, 4" 
5 ,5 '  -HeptacWorobiphenyl) ,  pre ent at 86.5 Ilg/kg at AI-Harnriya t 3 ( t 6), 28.6 �g!kg in 
AI-Hamri a t 2 ( t 5 )  and 1 9 .5 �g!kg at AI-Harnriya t 1 ( t 3 ), in addition to P B 8 
(2,4 ' -Dichlorobiphenyl ), which contributes by 9 �g/kg at AI-Hamriya t 1 (  t 3 ). In Dry 
D ck ( t  7)  P B 52 (2,2 , 5,5'-TetracWorobipheny l )  adds 27 �g!kg to the total 
concentration. 
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I lowe er both PCB and PAH howed the maximum value at Al-Hamri a t 3 ( t 6), but 
P B e hibit wider range of distribution in  the tudy area. The highest values were at the 
tation from 4 to 7. Th distribution of P AH concentrated at station 6 ( Figure 4.5), which 
e hibit ery high level compared with other stations. Table 4.5 demonstrates comparison 
between the total P AHs and PCBs in the study area. 
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Figure 4.5 : Comparison between the distribution of TPAHs and TP Bs in Dubai 
sediment 
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Tabl 4.5 : The ratio o/ TPAHs: TPCBs in Dubai ediments 
Station TPA H s  (J.1gfkg) TPCB (J.1gfkg) TPAH '/TPC Bs 
1 260 7.2 1 36 
2 nd 0.8 -
3 220 9.05 24 
4 nd 34.9 -
5 1 2560 34.6 363 
6 1 62000 93 .3 1 736 
7 300 46 6.5 
8 50 2.34 2 1  
9 1 500 nd -
1 0  330 8 .38 39 
1 1  nd nd -
1 2  nd nd -
1 3  nd nd -
1 4  90 9.8 9 
1 5  400 1 1 . 1  36 
1 32 
4.2.6 Major Oxide and Trace Element 
Bottom ed im nt are known to a t a a re ervoir r ink for many trace metal and orne 
other p I lutant . ub tantial quanti tie of major and trace element are knovm to be 
tran 'ported annual ly b major ri er as oc iated with u pended sediment . Th airborne 
fal l  ut from du t torm as ciat d with hamal wind may al 0 be a significant ource of 
trace metal input to local water ( Literathy & Foda, 1 985). 
Trace metal are natural constituent of al l  environment and are found in eawater, marine 
organi m and ediment (Bryan, 1 976). Therefor , knowing their natural background 
level , or at lea t th ir permanent concentration in a marine environm nt, i es ential for 
detecting and as e i ng trace m tal pol lution (Anderl ini  et af. , 1 986).  
The background levels ugge ted by orne In e tigator for unp l luted marine diment 
from different area in the Arabian u lf  are given in Table 4.6. According to the 
background level propo ed by Fowler et al. ( 1 993)  of unpol luted areas of AE; the mean 
value of Zn in Dubai sediment of the pre ent tudy is 2 1 0 .5 ppm. This value i about 84 
time high r than the background leve l .  The minimum alue is t i l l  higher than the l imited 
range of unp l l uted area . The highe t three values 4 1 5, 1 45 and 1 32 ppm are encountered 
at Al-Harnriya t 3 and 2 ( t 6 & 5 )  and Dry Dock ( t 7 ), re pectivel , which may be 
regarded as chronical ly pol luted area . The mean alue of Pb i 1 8  ppm, which i about 6 
time higher than unpol l uted level .  The highe t three value 35, 1 8  and 20 ppm are found 
at the arne pervious station , which suggest that the e elements are c losely a ociated and 
are deri\" d from pol lutant ources. The cadmium (0 . 1 -0.4 ppm), Mn ( 8- 1 45 ppm) and V 
( 2  27 ppm ) concentration attained the natural background Ie el . Thi finding i in 
accordance with the pr viou conclu  ion of AI- bdali el al. ( 1 996) that d and Mn are 
natural con ti tuent of the u lf  marine en ironment and not deriv d from pol l utant ource. 
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The mean alu of i i 80.5 ppm, which is 0 er 4 times higher than background Ie e l .  
The concentrations of Ni in Dubai sediments are within unpol luted range except for Dry 
Do ks ( t 7 )  and Dubal ( t 1 0 ). The mean value of Fe is 9000 ppm, which is 2 times 
higher than background leve l .  The high concentrations of Fe (> 6000 ppm) may be 
attributed to chronic or hi storical pol luted levels in the region and were recorded at six of 
th studied stations. These values are 6200, 8500, 8600, 1 0300, 1 2000 and 1 7600 ppm and 
were repre ented at AI-Marnzar mid and end ( St 2 & 3 ), AI-Hamriya t 2 and 3 (St 5 & 6), 
Dry Docks (St 7)  and Dubal ( St 1 0), respectively. The mean value of Cu is  79 ppm, which 
considered 1 9  t imes higher than the background level. Most stations fal l  within the l imited 
range of unpol luted areas provided by Fowler et al. ( 1 993)  except for Al-Harnriya St 1 ,  2 
and 3 ( t 4, 5 & 6)  and Dry Docks ( t 7 ), which are considered highly pol luted with values 
of 36, 72, 1 57 and 88 ppm, respectively. 
According to the data obtained from marine sediment, which was collected from Canada 
and can be used as standard value (Table 4 .7)  the highest value of Si (669900 ppm) is  
lower than the level of Si in Canadian marine sediments ( 8 7 1 000 ppm). Aluminum 
concentration in  Canadian marine sediments is 54200 ppm, whereas in Dubai sediments is 
(400-24400 ppm). This value forming less than half of proposed value depends on the 
presence of clay minerals and the highest value was reported at AI-Marnzar end ( t 3 ). 
However Fe level was high in the study area compared with unpol luted marine sediments 
but it is sti l l  in comparative level with the value of Canadian marine sediments (35500 
ppm ). Each of Si Al and Fe are associated with clays, therefore the high level of these 
elements may be attributed to mineral composition. The highest alue of Mg (30900 ppm) 
is 3 t ime higher than that is found in  Canadian sediment and was reported at Dubal ( St 
1 0) .  However Mg is considered one of the common earth elements ( Montgomery, 1 995)  
and the common presence of dolomite (Table 3 . 1 1 ,  Ch 3)  as a major mineral causes such 
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relati e high Ie el of Mg. But al 0 thi high value may be related to pol l uted source . 
Mangane e value ( 8- 1 45 ppm ) in Dubai ediments show comparable level with Mn alue 
( 1 -5 ppm) in  Canadian marine sediment. Calcium is very high 25 1 300--485500 ppm) 
compared with the Canadian marine sediment (8300 ppm).  The maximum value is 58 
t ime higher than that of the anadian marine sediment. This may be attributed to the 
common presence of calcite and aragonite minerals in the sediment of Dubai as major 
mineral in  al l stations. 
odi um concentration (6800- 1 9800 ppm ) is  2 times higher than that recorded in  the 
Canadian marine sediment. This is attributed to the high sal inity of the Arabian Gulf as a 
result of  high temperature and evaporation, which concentrate the sal t  in Gul f waters (al­
Abdul-Razzed, 1 984).  Potassiwn concentrations in Dubai sediments ranged from ( 1 000-
7700 ppm), whi le Ba has a range of ( 1 1 -95 ppm). Potassiwn and Ba attained unpol luted 
level compared with the Canadian marine sediment values 1 1 700 and 565 ppm 
respectively. Cadmi um also has attained unpol luted levels comparing with values either 
from the region or with Canadian value, which confirms the previous concl usion that Cd 
and M n  are natural constituents of Gulf marine environment (A l-Abdali  ef ai, 1 996). 
Although the presence of any element in a marine sediments is natural . The important 
consideration is the concentration i f  it is below or above the background level .  
Chromium concentration ( 5- 1 73 ppm) is  3 t imes higher than that recorded for the 
Canadian marine sediment. The highest value was reported at Dubal ( St 1 0) .  Copper 
concentration (2- 1 57 ppm) is 5 t imes h igher than the recorded alue of the Canadian 
marine sediment. N ickel concentration (2- 1 59 ppm) is 5 .S  times higher and lead 
concentration ( 1 -35  ppm) is 3 .5  t imes higher. This suggests that Cr, Cu, Ni and Pb may be 




Table 4.6 : Comparison hefH'een mean and range values (�ltrace metal concentrations (J.lg g) in unpolluted marine 
sediments/i·om dU(erent areas in the Arahian Gu(land study area 
Reference (Area) Zn Pb Cd N i  M n  Fe V Cu 
Qatar/Bahrain 26.3 6 .5  50  8 5 . 1 3 .9 
Basaham& A I - (20.4 32 .2 )  - - (0 .2 1 2 . 8 )  (42 . 8  5 7 . 2 )  (6 1 0) ( 2 . 7  7 .4 )  ( 3 . 8� )  
l ihaibi,  1 993 
Bahrain 3 . 1 1 2 .3 0 .4 1 5  5 7  4600 23 9.6 
Basaham& A I - (2 .3  3 . 8 )  (0 .5  24 ) (0 .0 I 0 . 8 )  (9 2 0 )  ( 1 7  9 7 )  (3 200 6000) (9 36 .6)  ( 1 .5 1 7.6 )  
l ihaibi,  1 993 
UAE 2 .5  2 .9  0.96 1 8 .9 237 4800 20.7 4 .2 
Fowler ef al. , ( 1 .6 3 .4 )  (0 .5  5 .2 )  (0.02 1 .9 )  ( 1 2 . 8  25 )  (23 1 ) (3600-6000) ( 7.3 36) ( 1 .3 7 .0)  
1 993 
Oman 8 .8  4. 1 1 0 .38 26 200 8000 29.2 7.9 
Fowler et al. . ( 7 .7-9 .8 )  ( 1 .2 7 .2 )  (0 .06 0 . 7 )  (9 .9-46) ( 89-3 1 0) (5000 1 1 000) ( 1 0.4-4 8 )  ( 1 . 7- 1 4 ) 
1 993 
Dubai offshore, 2 1 0.5  1 8  0 .25 80.5 76.5 9000 14.5 79 
U A E  
(6-4 1 5 ) ( I  3 5 )  (0. 1 -0.4 )  (2- 1 59) ( 8  1 45 )  (400 1 7600) (2 27)  ( I  1 5 7)  
Present study 
Ilg/g = ppm 
Table 4.7 : Comoari on hetween the concentration a/major and trace element in Dubai 
sediments and standard Canadian marine sediments 
M ajor & Canadian marine 
trace 
elements 
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Cu 3 1  
1\10  1 25 
° i 29 
Pb 1 0  
r 53 
V 1 42 
Zo 86 
( ource:  present study) 
D u bai  sediments Factor of an 
Max.  Local ity i ncrease 
66.99 lumeirah Beach 0.8 
2 . 4:1 Mamzar end 0.5 
1 .76 Dubal 0.5 
3 .09 Dubal 3 .4 
48.55 Jebel A l i  Hotel 58.5 
1 .98 Dr) Dock 1 .9 
0.77 Marnzar end 0.66 
95 Dubal 0. 1 6  
0.4 Hamriya t 3 0.67 
1 73 Dubal 2 . 8  
1 57 Hamriya St 3 5 
1 45 Dubal 1 . 1 6 
1 59 Dubal 5 . 5  
3 5  Hamriya t 3 3 . 5  
520 1 Jebel All Hotel 98 
27 Dubal 0.2 
4 1 5  H amriya l 3  4.8 
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tront ium exhibit very high Ie els ( 1 2 1 2-520 1  ppm ) compared with the Canadian marine 
ediment. Thi related to the textural characteristics of the sediment because most of the 
tudied station are covered by carbonate gravel ands and sands. It is wel l  known that the 
sand - ize depo its are re tricted to the western area off of Bahrain, Qatar and UAE off of 
Bahrain, Qatar and U E (AI-Ghadban et af. , 1 996) .  Strontium is known to be closely 
associated with Ca in recent aragonite rich sediments, because they are similar in both size 
and charge. Vanadi um concentration (2-27 ppm) is lower than the value obtained from 
Canadian marine sediment (53  ppm), which confirms the previous reached conclusion that 
V has attained unpol luted levels.  Zinc concentration ( 6-4 1 5  ppm) is 5 t imes higher than 
that of the Canadian marine sediment ( 86 ppm), which also confmns pervious reached 
concl u  ion that Zn high level i s  related to chronic or historical pol lution. 
On the other hand. the present data of Dubai sediments provided evidence of high levels of 
orne of major and trace metals compared with unpol luted areas in  Qatar and Bahrain 
( Basaham and Al- l ihaibi, 1 993 ) ;  Bahrain ( Basaham and Al- l ihaibi, 1 993) and Oman 
(Fowler et af. , 1 993 ) .  Except for K uwait sediments in the Arabian Gulf, with their high 
levels of Ni ,  Mn, Fe and V, due to oi l  pol l ution after Gulf war ( Basaham and Al-l ihaibi, 
1 993 ) .  In  spite of this Dubai sediments generally show higher levels of Zn and Cu. 
The data provided by Shriadah ( 1 998b) indicate that Dubai offshore sediments have higher 
ranges concentrations of heavy metals than those of Abu-Dhabi, Umm Al-Quwain and Ras 
Al-Khaimah. For example eu in  Abu-Dhabi ranged (7 .6--29.4 ppm),  Umm Al-Quwain 
( 1 0 .36--57.4 ppm) and Ras AI-Khaimah ( 1 1 . 1 -58 .7  ppm), while the range in Dubai is 1 -
1 57 ppm) .  Also N i  showed the ranges ( 1 0. 1 -25 . 1  ppm) i n  Abu-Dhabi, ( 1 1 .6-25. 1 ppm) in  
Umm AI-Quwain and ( 1 0 . 1 -25 . 1 ppm) Ras AI-Khaimah, whi le in  Dubai varies from 2
-
1 59 ppm. Zinc exhibited the range from (6.7-2 1 .4 ppm) in Abu-Dhabi, (8 .56-3
1 ppm) in  
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mm Al-Quwain and ( 7 .98-3 1 ppm) Ras Al-Khaimah. whi le  in  Dubai shows the range 
from 2- 1 59 ppm. 
In an agreement to the present data, earlier study proposed by Abu H i lal and Khordgui 
( 1 992)  obtained equi alent or higher levels of Zn (3 .0 1 -534 ppm),  Pb (9.03-57 ppm),  Cd 
(4 .32-9.55  ppm) and Ni ( 8 .0 1 -2 1 4.5 ppm) in creeks nearshore sediments of UAE. 
The concentrations of major and trace metals in Dubai sediments used to determine the 
regional di tribution and pol l ution levels in Dubai offshore. Three contaminated regions 
are del i neated; one is located in the far northern part of studied area represented by Al­
Harnriya stations contaminated by Fe, Cu. Pb and Zn.  The second is  located in the middle 
northeastern part at Dry Docks contaminated by C u, Ni Pb and Zn and, final ly the third is 
located in  the middle southwestern pcni at Dubal contaminated by Fe, Mg, Cr, Ni and Zn. 
The high concentrations of Zn, Pb and Cu found at A l-Harnriya St 3 (St 6) give direct 
evidence that this station is highly influenced by the presence of Al-Harnriya port as 
navigation road. The stain ing of wooden ship may be the source for these high levels of 
these heavy metals. Dry Docks ( St 7) also exhibited high values of Zn, Pb, Ni and Cu, 
which may be attributed to chemical  substances used in repairing and painting different 
kind of ships. The relative high concentrations of Pb in the same areas may also be due to 
high traffic activity in these parts (Guvenry et aI. , 2003 ). Dubal ( St 1 0) shows high levels 
of Fe, Mg, Cr and Ni ,  which mostly attributed to the presence of Dubal Company in the 
area In additional, this stat ion covered mainly by mud, which has high ad orption capacity 
to pol l utant partic les (Massoud et at. . 1 996) .  
On the other hand the concentrations of major oxides and trace elements in the fine 
fractions show various trends. The concentrations of K, Ba, Cd, Cr, Mn, Ni, Pb and V 
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h w regular trend of increase in the fine fractions compared to the bulk. The calc ium and 
trontium contents decreased in the fme fractions. The concentration of i ,  Al, Fe, Mg, 
a, u and Zn ar high r in some stations and lower in the other . In general, the 
concentration of major and trace metals are higher in fine fractions than the corresponding 
value in the bulk samples except for Ca and r. This suggests a negati e correlation 
betwe n grain ize and accumulation of metal partic les ( the concentration of the element 
increase by decrease the grain size) .  The lower concentrations of Ca and Sr in the fine 
fraction confmn that these metals are related to the coarse carbonate fragments in the 
ediments and not to pol luted source. The minimum values of both of Ca and Sr were 
found at Dubal ( t 1 0), which covered by mud. 
4.3 M u lt iva riate Statistics 
The stati tica program was used to look for a l inear correlations (r)  between the variables 
of each set of data as wel l  as factor and regre sion analyses. 
4.3. 1 Correlation Matrix 
The statistical correlation matrices are multivariate analyses used to correlate the 
relationships between variables such as major and trace metals TOC, TKN and TPH 
(Table 4.8). S i licon, AI, Fe and Mg have a strong positive correlation with K, Ba, Cd, Cr, 
Mn, Ni and V .  This indicates the clay and dolomite mineralogy and terrigenous fraction 
associations. Calcium is significantly positive correlated with Sr. Besides; Ca shows a 
strong negative correlation with Si, Al, Fe, Mg, K, Ba, Cd, Cr, Mn, Ni and V.  This 
indicates the carbonate mineralogy association ( the high values of Ca and r not related to 
pol lution factor). 
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Table 4 . 8  : Correlation matrix betlt'een major oxides. trace elements. TOC. TKN and TPII (P< JJ5 
Si01 A hOl Fe10J 1\1 gO CnO NlizO K10 Sa Cd Cr ell M n  Ni P b  Sr V Zn Toe f K l'I  r pl I  
( w l % )  (\\ 1%) (wl%) ( w l%) (WI%) (W I%) (wl%) (ppm ) (ppm) ( p p m )  (ppm) ( pp m )  ( pp m )  ( p p m )  ( ppm) (ppm) ( ppm) ( w l%) ( mg/kg) ( mgll.g) 
Si01 (wt%) 1 .00 .M .70 <i(, ·.98 .08 .66 70 .43 .�J . 1 1 80 .60 . 1 4  -.7::' .7 1 .011 ,02 -.28 -.05 
AhOJ ( l\ I%) 1 .00 .74 .49 -.7(; .39 .99 .87 ,,6 .50 .22 
.93 .42 .26 -.87 .79 . 1 7  . 1 1 -. 1 3  .03 
FezOJ (� t% )  1 .00 .80 -.80 .09 .77 .% .8� .110 52 .85 7') ,,5 -.7� '>8 A8 .37 .04 .29 
MgO (� t%) 1 .00 .(.5 -.02 .52 .69 A9 .92 .07 .(,S .% .09 -.73 .83 .06 .02 -. 1 2  -.05 
CaO (w t%) 1 .00 -. 1 8  -.'79 .82 -.53 "8 -. 1 6  -.89 -.66 -.20 .1l6 .81 
-. 1 2  -.0", .27 .05 
N a10 ( w l% )  1 .00 .4"' .23 .03 -. 1 5  -.06 .3 1 -. 1 8  -.03 -.44 . 1 3  -.20 -.36 -.3 1 -.38 
K10 (wl%) 1 .00 90 57 53 .2 1 95 .47 .26 -.IN .82 . 1 3  .0"' -. 1 7  -.05 
8a ( ppm) 1 .00 .84 .61l .49 .90 .66 "3 .85 .95 A3 .32 -.0 1 .22 
1 .00 ..16 .R3 .5R .49 .1l7 -..19 .71l .H2 72 .33 .(,3 
Cd ( ppm) 
1 .00 .03 72 ')7 .04 -.(,') .H3 .03 .00 -. 1 9  -.05 
.j:>. Cr ( ppm) 1 .00 .20 .05 1 .00 -. 1 2  A2 97 87 53 .H3 
Cu (ppm) 1 .00 .62 .24 -.93 9 1  . 1 4  .04 -.20 -.02 
Mn ( ppm) 1 .00 .07 -.62 .8 1 .06 .03 -. 1 5  -.02 
Ni (ppm) 1 .00 -. 1 6  ..15 ')"' .H(, 'in .t' l  
Pb ( ppm) 1 .00 .H5 -.0"' .07 .34 . 1 "'  
Sr ( ppm) 1 .00 .37 .26 -.05 . 1 9  
\ '  ( ppm) 1 .00 96 .57 .93 
Zn (ppm) 1 .00 .6 1 .98 
TOC (wt%) 1 .00 .M 
TKN mgfkg) 1 .00 
TPH (mglkg) 
Red colour ind icates sign ificant correlation 
dium has moderate po iti e correlation with K and negative correlation with r. 
Potassium has a trong positive correlation with Ba., Mn and V, also it has significant 
po iti e correlation with Cd and Cr. Potassium shows a significant negative correlation 
with Ca and Sf. Barium and Cd ha e significant positive correlation with Y, Mn and Pb. 
On the other hand. Ba is significantly positive correlated with Cr and Ni. Cadmium shows 
significant positive correlation with Cu and Zn. Both of these elements show negative 
correlation \\ith Ca and r. This indicates the terrigenous input of these elements ( Literathy 
& Foda., 1 985) .  C hromium has significant positive correlation with Mn, Ni and V and 
n gative correlation with Ca and r. This can be proved the terrigenous source of these 
elements. Copper has a strong positive correlation with Pb and Zn. This suggests 
anthropogenic input of this element (Al-Abdali et ai, 1 996). On the other hand Cu 
correlates positively with Cd and Fe. N ickel correlates positively with V and Mn. N ickel is 
significantly positive correlated with Cr and Mg. This indicates terrigenous input of this 
element ( Literathy & Foda., 1 985) .  Lead is highly positive correlated with Cu and Zn, and 
has positi e correlation with Fe, Ba and Cd. 
The organic compounds such as TOC, TKN and TPH show significant positive correlation 
with Cu, Pb and Zn. The assoc iation of these e lements with organic compounds in absence 
of V and N i  disproves the presence of natural seepage or crude oi l  source (as mentioned 
before) and at the same time prove the anthropogenic source of these pol lutants. Another 
thing worth to be noted, that the regression analysis exhibits negative correlation between 
a and each of: TOC, TKN, TPH, Pb Zn and Cu ( Figure 4.6), which may be attributed to 
presence of fresh water inflow ( anthropogenic discharge) .  
Consequently, the correlation matrix reveals the fol lowing elements a
nd orgaruc 
compounds associations, which is summarized in Table 4.9. 
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Table 4.9 : Different type of as ociation of major and trace elements and organic 
compound 
No. Element as ociat ion Type of a ociation 
1 .  
Silicon correlate with AI ,  Fe, Mg, K, Ba, Cd, Cr, Mn, N i  
&V 
C lay mineralogy 
2. A luminum correlate with Si, Fe, K, Ba, Cd, Cr, Mn &V Clay mineralogy 
Iron correlate with Si, AI, Mg, K, Ba, Cd, Cr, Cu, Ni ,  Pb 
3 .  Terrigenous fraction 
&V 
4.  
Magnesium correlates with Si ,  Fe, M n, K, Ba, Cd, Cr,  Ni  & 
V 
Dolomite mineralogy 
5 .  Calcium correlates with Sr Carbonate mineralogy 
6. 
Pol a sium correlates with Si, AI, Fe, Mg, Ba, Cd, Cr, Mn & 
C lay mineralogy 
7. 
Barium correlates with Si, AI, Fe, Mg, K, Cd, Cr, Mn, N i, 
Terrigenous fraction 
Pb & V  
Cadmium correlates with Si, AI ,  Fe, K, Ba, Cu, M n, Pb, V& 
Terrigenous fraction 8 .  
In. 
Chromium correlates with Si , Fe, Mg, K, Ba, Cd, Mn, Ni & 
Terrigenous fraction 9. 
V 
Organic matter and heavy 
1 0. Copper correlates with Fe, Cd, Pb, Zn TOC, TKN & TPH 
metals assoc iation 
1 1 . 
Manganese correlates with Si, AI ,  Fe, Mg, K, 8a, Cd, Cr, 
i ron- Mn adsorption 
N i & V  
1 2 . Nickel correlates with Si, Fe Mg, Ba, Cr, Mn & V Terrigenous fract ion 
Lead correlates with Fe, Ba, Cd, Cu, In, TOC, TKN Organic matter and heavy 
1 3 .  
metals association &TPH 
1 4. Strontium correlates with Ca Carbonate mineralogy 
Vanadium correlates with Si, AI, Fe, Mg, K, 8a, CeL Cr, Clay and iron oxides I S . 
Mn &Ni 
Organic matter and heavy 
1 6. TOC correlates with Cu, Pb, Zn, TKN &TPH metals association 
Organic matter and heavy 
1 7. TKN corre lates with u, Pb, In, TOC &TPH metals assoc iation 
Organ ic matter and heavy 
1 8 . TPH corre lates with Cu, Pb, Zn, TOC &TKN metals assoc iation 
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4.3.2 Factor A naly i 
The principal  component factor analysi , at its simplest, can be regarded as an ordination 
te hnique. for reducing multi ariate data into fewer dimensions. Principle component 
anal is tran form an original set of N variables into a net of N principle components. 
lthough there are as many as principle components as variables. the transformation is  
uch that the first and econd components almost i nvariably  account for a far greater 
pr portion of the total value ( Rock. 1 988) .  
Factor analysi is  appl ied for some selected elements and compounds. The analysis reveals 
m'o factors olution Table 4. 1 0  & Figure 4 .7) .  Chemical elements including most of the 
heavy metal s  Ba, C u, Pb, V, and Zn) together with other organic compounds (TOC, TPH 
and TKN) are positively loaded on factor 1 .  This association could be related to pol l ution 
and transfer of heavy metals to be adsorbed by organic matter, this factor may be termed 
pol l ution factor. Factor 2 is  a bipolar factor. Calcium oxide and Sr are positively loaded, 
whereas Cr. N i ,  Ba and V are negatively loaded on Factor 2. This factor may be l ithology. 
It is wel l  known that aragonite structure favors the substitution for calc ium ions by ions 
that ha e radi i  greater than that of Ca +2 , particularly Sr +2 ions. Therefore, Ca and Sr are 
closely associated in  recent carbonate sedi ments. This conclusion is in concordance with 
previous report of EI-Sammak and Aboul-Kassim ( 1 999) that Ca and Sr incorporate with 
each other in form of aragonite. 
Figure 4 .8  i l lustrates the association of Cll, Zn and Pb with TPH and TOC in absence of V 
and i .  TPH correlated significantly positively with Cu ( r  = 0.82), Zn (r  = 0.93 ) and Pb (r  
= 0.80). whereas TPH correlated weakl y  positively with V ( r  = 0. 1 9 ) and weakly  
negatively with Ni  ( r  = - .02) .  TO correlated significantly positively with u (r  = 0.87).  
Zn (r  = 0.95 ) and Pb ( r  = 0.86),  whereas TOC correlated weakl positi ely with V (r  = 
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0.26) and i ( r  - .0"' ). Thi indicate that the e pol lutant are not relat d with crude oil .  or 
natural 'cepage, which uggests the anthr p genic our e. The highe t nc ntration of 
u. Ph and �n were as ciat d with highe t T content indicate that T 
important metal- 'orption pha in ediment ( Luoma, 1 990). 
Table 4. 1 0  : Factor loading of major and trace element 
and organic compounds 
Va riable Factor 1 Factor 2 
CaO - .4483 1 5  792077 
Ba .722 1 14  - .62083 1 
Cr .369955 . 834739 
Cu  .9 14862 .3 1 3002 
N i  .377 1 05 . 77570 1 
Pb .923 1 49 .2799 1 9  
Sr - .3 89276 8 1 6 1 42 
V .687470 .70606 
Zn 92 1 69 1  .3 7 1 222 
TOC . 8� 83 79 .439207 
TKN .448258 . 546227 
TPH .796820 .494868 
Expl .  Var. 6 .046708 4. 826 14  
Prp. Tot l .465 1 3 1  . 37 1 242 
Marked loadmgs are > .700000 
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an 
Factor Loadings, Factor 1 vs Factor 2 
Rotation: Unrotated 
Extraction:  Principal components 
1 0 
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Figure 4.7 : Factor analysis o/major element . trace elements and organic compounds 
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Figure 4.8 : Scatter plots ofCu VS. TPH (A), Zn vs. TPH (E>. Pb VS. TPH (0. V VS. TPH 
(D), i VS. TPH (E), Cu vs. TOC (F), Zn VS. TOC (G), Pb vs. TOC (H), V vs. TOC (J) and 
Ni v . TOC (J) 
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4.4 Effect of Textu ra l  Class i n  Pol l u ta n ts Acc u m u la tion 
Table 4. 1 1  and 4. 1 2  demonstrate the relation between TPH, TOC, TKN, TPAHs, PCBs, 
Fe, Mg. r, Cu. Ni ,  Pb. and Zn and various grain-size parameters. It is  notable that the 
conc ntrations of these pol lutants i ncrease by decrease the grain size. The deviation from 
this trend attributed to geographical position and the distance from the source of pol l ution. 
Th refore Al-Hamriya t 3 C St 6), which is  covered by muddy sand has the highest 
concentrations of TPH, TO , TPAHs, PCBs, Cu, Pb and Zn. The h ighest values of Fe, Mg, 
Ba, Cr, and Ni  were reported at Dubal ( St 1 0), which is covered by mud. 
The correlation between the values of Mz and the sand size c lass is negative; the highest 
alues of Mz indicate very fi ne sand. However the concentration of these pol lutants 
increases by decreases the sand size but there i s  deviation in some samples from this trend 
due to geographical  position or sedi ments composition. 
Figure 4.9 reflects the mean grain-size (q» distribution in  Dubai sediments. It is clearly 
noted that the stations from 2 to 1 0  (Al-Marnzar mid to Duba l )  are covered mainly by fine 
and and some parts by very fine sand. Where the highest concentrations of TPH, TOC, 
TP AHs, PCBs. Cll, Pb and Zn are recorded at Al-Hamriya t 3 and some values such as 
TPR PCBs and heavy metals were found at Dry Docks. The highest values of Fe, Mg. Cr 
and Ni were recorded at Dubal, which is  covered by very fme sand. Dewa, which provided 
the highest value of TKN might be, represented the deviation from this trend where, it is 
covered by medium sand. Whereas the stations from 1 1  to 1 5  are covered mainly by coarse 
sand and medium sand in  some parts provided the minimal levels of pol lutants or 
unpo l luted levels. 
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Figure 4. 1 0  how the orting of Dubai sediments at different stations. The highest values 
indicate more poorly ort d, which was found at AI-Hamriya t 3 ( t 6). Dry Docks ( t 7) 
and Dubai approach ( t 1 4 ). Al-Hamriya t 3 and Dry Docks have high concentrations of 
organic compounds and heavy metals, whereas Dubai approach has low concentrations of 
the e pol lutants due to the farness from the coast activities (geographical position). These 
gi e e id nce that fi ner and poorly sorted sediments tend to accumulate pol lutants 
partic les. This mostly attributed to large surface area of the fine poorly sorted sediments. 
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rable 4. 1 1 : Concentrations of organic compounds and various grain-si:e paramelen 
Tnl U rs l  .. orting Mean - TPH TO 
tation 
c1SlI (q» size (tp) ( /lg/g) (wt%) ( mg/kg) (ppm) (ppb) 
lj Poorl) �orted oarse 'iand 50 0 1 6 2 1 8  0 26 7 2 1 
2 1 dcratch sorted fme <.;and 3q O +t 420 nd 0 8  
3 ( ,  \.1 Poor!) sorted er) Fmc 'i 3<) 0 )2 4 1 0  o n  9 os 
4 1 " Poor!) sorted rlne '>and 2 1 2 1 93 1 nd 34 q 
5 '> 1oderatcl) sorted rme ,>and 4888 1 4 1 8 1 4  1 2.:6 34 6 
6 1.,.1 '>  Poorh orted fmc <.;and U I  9 2222 1 6 1 72 9 
7 G Poor!) sorted hne ,>and 1 34 0.55 523 OJ 46 
G 1 Moderatel) \, ell sorted Fme 'iand 1 46 0 25 234 0.05 2 34
 
9 <.; Moderatel} sortcd 1edlum <.; 223 0 23 24 7 1 5 nd 
1 0  lodcratel) sorted VCr) Fmc 47 0.63 265 0 33 8 38 
I I  Poorly sorted Coarse <.;and 6.+t OJ7 385 nd nd 
n G Poorl) sorted oar·c <.;and 1 1 3 0
27 324 nd nd 
1 3  '> lodcratc1) \\ ell sorted MedIum 1 08 0 23 330 nd nd 
U G Poorh sorted lcthum <; 20 O.+t 507 0.09 9 3  
1 5  G Poorl) sorted Coarse .. and 
23 OJ4 402 0 4  1 1 1 
\H rage I 1 5  J 85 3590.43 0 86 696 1 1 . 83 
1 7  1 7  
.0 0 45 1 1 5  1 2353 l +t  697 
4 1 6 25 7 
G. . (Gravel and) . ( and) G . M  . .  ( Gravel M uddy and) 
M.S. ( Muddy and) M.(Mud) 
�ed colour indicates maximum value 
Ilg..rg = wt �o x 1 O� = mg/kg - ppm = ppb x 1 0.
3 
= Ilg/kg x 1 0.
1 
1 5 1  
Table 4. 1 2  : Concentrations of major, !race elements and various grain-size parameters 
1 e�Iural  orling \lean - ize Fe10J 1\1gO Cr Cu "' i  Pb Zn la llOn 
das (Ip) (Ip) (�t%) (WI%) (ppm) (ppm) (ppm) (ppm) (ppm) 
G <;  Poorl} orted Coarse <;and 0 07 049 6 2 6 
2 <., 1oderatcl) sorted Fine <.,and 0 62 0 79 24 5 1 3  3 I S  
3 (, 1\.1 " Poorl} sorted Vel) Fine <., o S5 I 1 9  3 1  7 I S  4 22 
4 >"1 " Poorl) sorted I·lne Sand O S2 0.S2 20 36 1 2  1 0  67 
5 <., Moderatel) �orted Fine <;and 0.S6 0.88 2:! n 1 6  I S  1 45 
6 >.,1 S Poorl) sorted hne Sand 1 03 0.S7 23 1 57 1 7  � 4 1 �  
G Poorl) rted !"lne Sand 1 2  1 37 45 88 32 20 1 32 
G \1 loderatel) \\ ell ortcd l ine <;and 0 4  0.56 48 0 6 9 
9 Moderatel) sorted Medium S 0.0' 049 7 2 2 6 
1 0  loderatel} sorted Vel) Fine S I 76 no I B  1 0  1 59 4 38 
1 \  Poorl} sorted Coar e 'iand 0.04 0.52 5 2 6 
n G Poorl) sorted Coarse Sand 0.05 0 94 6 2 2 6 
1 3  loderatc:l) \\ ell sorted Medium S 0 04 0.53 5 2 6 
1 4  (J . Poorl) sorted 1edlum 'i 0 1 8 1 .07 1 6  2 7 S 
1 5  G S  Poorly sorted Coarse Sand 0.07 0.S7 5 2 2 20 
'\,,'rage I 1 5  I 85 0.52 0.97 29 26 1 9  7 60 
. .  0 045 I 1 5  0 53 0 65 42 46 39 1 0  l OS 
G.M.  . ( Gravel Muddy and) M.( Mud) 
Red colour indicates maximum value 
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Figure 4. 1 0  : Sorting (ep) of Dubai sediments 
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4.5 A r  a l  Di tri bution of onta m i n a n t  
1 he organi comp und and hea metal exhibited wid range of di tribution in the tud) 
area. rganochlorine compound , PAl l and heavy metal tend to partition to ediment , 
and a a on cqucnce, marine ediments are u ual ly regarded a a major rep sitory for 
persist nt pol l utant released to the aquatic en ironment from variou ource ( ibb , 
1 973 . rnajorit. f tudies carried out to d termine pol lutant concentration in ediment 
have been initiat d in re pon e to port and harb ur de eloprnent or dredging f hipping 
channel . The effect of AI-Hamriya Port, fol lowed b Rashid Port and Dry 0 ck were 
obvi u in  the present tudy. 
Very recent re earch propo ed by Guvenc; et al. (2003 ) tated that the concentration of 
el ment that have anthropogenic our i expected to be highly variable from one 
arnpling point to another, becau e their concentration in the tud area depend on the 
di tance between arnpl i ng point and the ource. wing to uch trong variabi l i ty in their 
concentration , these element should have high relative tandard deviation . Furthermore 
the element that are deri ed from anthropogenic  acti i t ie in the city are al o e  pected to 
have higher concentrations in urban stations than their corresponding c ncentration in 
rural tation , which are mentioned above. 
Thi finding showed a good agr ement with the pre ent tudy, which confirm th 
ugge tion of anthropogenic ourc of orne asse ed ub tance . The val ue of TPH vary 
wide! even at one area; th rna imum and minimum value reported at AI-Harmi a 
tations 3 and 1 re pectivel within a range of 2-480 1 8  Ilg/g and relati ely high . 0  of 
1 2353 .  The concentrations of T al 0 ary from tation to another within a range of 
0. 1 6  5 .9 wt% and . 0  1 .44. Th concentration of TKN a1 0 upported the idea of 
anthropogenic ource, be au e orne tat ion howed high concentration and other tation 
I 4 
'howed normal Ie e ls  with a range from 2 1 8-2457 mglkg and high relative .D of 697. 
The value of TPAH howed al 0 wide variation in the tudy area; when AI-Hamriya t 3 
e hibited the highest val ue ( 1 62 ppm), the recorded concentration at AI-Hamriya St 2 was 
1 2 .56 ppm, with an average of 1 1 .83 ppm and high . 0  of 4 1 .6. In  the same context the 
di tributions of PCBs in Dubai sediments, however it is low but also fol lowed the pre ious 
trend with an average of 1 7 . 1 7  ppb and high S.D of 25.7.  The i ron concentrations showed 
also variabi l ity in distribution even at the same area. The reported value in Al-Marnzar 
mouth was 0.07 wt% while the value in  AI-Marnzar end was 0.86 wt%. The iron values 
ranged from 0.04- l . 76 wt% and high S .D of 0.53 .  The magnesium distributions vary from 
0.49-3 .09 wt% with relatively high S .D of 0.65. The chromium exhibited frequenc, 
distributions between increase and decrease within a range of 5- 1 73 ppm and high relative 
.D of 42. The copper concentrations changed from station to another within a range of 1 -
1 57 ppm and S . D  o f  46. The nickel concentrations showed frequency distributions ranged 
from 2- 1 59 ppm with high relative S .D of 39. The lead concentrations frequency changed 
among stations within  a range of 1 -35  ppm and high S .D of 1 0. The concentrations of Zn 
showed fl uctuation in distribution, The recorded value in Al-Hanuiya St 1 was 67 ppm, 
whi le the value in AI-Hanuiya St 3 was 4 1 5  ppm, within a range of 6- 4 1 5 ppm and high 
S .D of 1 08 .  
Table 4. 1 3  summanzes the areal distributions of  contaminants. Most of  pol lutants 
concentrated in the northeastern parts of the study area, where these ports are located. In  
addition to population centers ( wi th population more than 860000 and the number 
increases to more than 1 .5 at tourism seasons), which are presenting a risk of inputs from 
recreational and urban activities. 
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n th other hand the outhwe tern part , which are rural area and unaffected by 
urbanizat ion and industrial act ivi ties have minimal concentrations. Al-Harnriya area 
rcpre ent a hot spot of contamination, where most of contaminants reflected their 
maximum alues at this part. Jebel Al i  anctuary (Jebel Al i  Hotel ,  Ras H i  yan & Ras 
Ghantoot) at the middle and far southwestern part of the study area, which has nearly 
negl igible industrial impact, reflected uncontaminated area except for TPH, which mainly 
referred to the nature of the Gul f countries. On the other hand the distance from the coast 
al 0 con idered to be contro l ling factor of pol lutant concentrations and distribution, which 
appear in Dubai approach and Neptune Wreck ( t 1 4  & 1 5  respectively ), which have low 
level of contamination or uncontaminated. These stations are far from coastal activities and 
urban runoff so any pol lutants reach these stations wi l l  be di luted. 
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Table 4. 1 3  : Areal dislriblllion of contaminants In Duhai ediments 
'\'\\ (St Far N E  1 iddle N E  Near N E  Near S\\ �I iddle S\\ Far SW 
14 & 1 5) (St 1 -6) ( t 7) ( t 8) ( t 9 & 1 0) ('>1 I I )  ( t 1 2  & 1 3 )  
I lca\ I I) Mod\:ratcl} Moderatel) Moderatel) Moderatel) 
polluted (AI- Pol lutcd (01) pol luted polluted pollutcd 
TPH I l amri) a t Docks) (Jumcirah ( Oewa) ( Ras H is) an -- --
2&3 )  beach) & Ras 
(Jhantoot) 
l Iea\ I I)  
TOe contaml natcd 
-- -- -- --( I - l iamri) a St --
3 )  
lIeavil)& Hcavily 
moderatcl) contaminated 
TK ' contaminatcd -- ( Oc\\a) -- ----
(AI-I  lamri) a . t 
1 - 3 )  
Moderatcl) 
T P  Hs contaminated 
---
(AI- I l amn)a t 
-- -- -- --
1 - 3 )  
Moderatel) Moderatcly 
P Bs contaminated contaminated -- -- -- ----
(AI-Hamn) a . t (01) Docks) 
1 - 3 )  
Hea\ i l)  & I lea\i l}  & Heavi ly  & 
Major moderatel) moderatel) 
modcratel) 
contaminated contaminated contaminated 
and ( I- i l amnya t ( D I) Doc ks ( Dubal and 
-- ----
contaminated Trace -- I - 3 and and 
l eta l contaminated by 
contaminated by Fe. Mg. Cr. 
['e. Cu. Pb & by u. I. Pb I & Zn) 




SUMMA RY AND CONCLUSION 
U M M ARY AND CONCLU ION 
The invc tigated arca e t nd along Dubai off: hore on the Arabian Gul f. Dubai c ast l ine i' 
approx imate I) 70 km long. H um an activities are often concentrated in  coastal region 
v"hich are oft n least able to tolerate tho e acti ities, and where adver e effect are mo t 
apparent.  The rapid development f th Emirate and the highly u age of the coastal region 
either for indu trial r private and public has led to ob iou change in diment quality 
of the marin nvironrnent. 
The pre ent tud) aims to provide appropriate measurement of organic pol lutants such a ·  
T , TKN, TPH,  PAH and P B and inorganic pol lutant such as major and trace 
element . The compr hen i e per pectiv about the level of the e pol lutants is expected to 
be u eful in managem nt the discharge into the marine en ironment and 01 mg many 
related problem . Al 0 it can be used to monitor any future improvement In ediment 
qual ity. 
Fifteen tation were cho en to co er most fragments of Dubai offshore, starting from AI­
Marnzar and ending by Ras Ghantoot. The te ture analysis wa carried out through 
tandard ie ing and pipette method. The T content were determined by u ing 
Walkey-B lack Method. TKN was measured by the Kjeldahl method, whi le TPH was 
analyzed by using Infrared pectrophotometric .  The H PL was u ed to determine the 
PAH . and the -ECD was u ed to determine the total and individual PCB . The ICP 
was u ed to carry out  the concentration of major oxide and trace elem nt  ( for major 
oxide the obtained valu s were multipl ied by factor oxides); the mineral analy is wa 
done to identify the major, subordinate and min r mineral by u ing X-ra diffraction. The 
. .  TM tatl stlca was u ed to apply statistical analysis, whereas the urfer 7 .0 1 ™ was used to 
provide the areal di tribution of organic pol lutant . 
Th grain- ize analy i showed that about 67% of the studied stations are covered by 
gravel and and and. There is  c lear trend of increasing the organic and inorganic 
pol lutants by decreasing grain-size .The samples, which deviate from this trend, could be 
attributed to the geographic location ( far from coastal activities or from the ource of 
anthropogenic discharge) .  The TOe content varies within l imited range at al l stations 
e cept for Al-Harnriya stations. The maximum value was recorded at Al-Harnriya St 3 ( t 
6)  with a wide variation about 3 7  higher than the minimum value, which was reported at 
AI-Marnzar mouth (St 1 ). Al-Harnriya t 3 represents approximately half (46%) of total 
percentage of Toe values. The TKN content showed fluctuation among stations. The 
maximum value exists at Dewa ( St 9), whereas the minimum value was found at Al-
Mamzar mouth ( St 1 ). The maximum value is  about 1 1  t imes higher than the minimum .  
Also Al-Harnriya St 3 (St 6)  exhibited high TKN content, which i s  about 1 0  times higher 
than minimum value. This station forms more than 1 15 (2 1 %) of TKN values in the study 
area. The highest ratio of (e/N) was recorded at AI-Harnriya St 3 (St 6) and this 
phenomenon known as deviation by i ncrease from Redfield ratio. The lowest ratio was 
reported at Dewa (St 9)  and this also exhibits deviation by decrease. AI-Harnriya St 3 (St 
6) shows high TPH content, whereas AI-Harnriya St l (St 4)  shows very low concentration. 
The percentage of TPH in  Al-Hamriya St 3 is  90%, which represents 91 1 0 from total 
values. The concentrations of TPH show drastic variation from the minimum to the 
maximum value. The maximum value is 24009 times higher than the minimum value. 
Evidently, TOe correlated sign ificantly positively with TPH (r = 0.98) and m
oderately 
positively with TKN (r  = 0.6). On the other hand TPH correlated moderatel
y positively 
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\'"ith TKN ( r  = 0.6 1 ). The di stribution maps of TOC and TPH show trend of an increasing 
toward the northeastern part of the study area, whereas TKN shows two trends of an 
i ncreasing one toward the southwest and another toward northeast of the study area. 
The concentrations of PAH compounds vary widely among stations. AI-Hamriya St 3 ( t 
6) exhibi ts the maximum val ues of naphthalene, fluorene, fluoranthene, pyrene, chrysene, 
benzo(k)fluoranthene, benzo(a)pyrene, dibenzo(a..h)anthracene and benzo(g,h,i )perylene. 
The maximum value of TP AHs i s  1 800 t imes higher than the minimum value. AI-Hamriya 
t 3 constitutes more than 91 1 0 (92%) of total values. The distribution maps d isplay a 
northeastern trend of i ncreasing. The TPCBs values show a wide variation from the 
minimum to the max imum. The maximum value was recorded at AI-Hamriya St 3 and it is  
nearly 1 1 7 t imes h igher than the minimum value, which was found at AI-Marnzar mid (St 
2) .  The percentage of total PCBs i n  Al-Hamriya St 3 is  36%, which represents more than 
1 /3 from total values. On the other hand the maximum values of each of individual PCBs 
( PC B  1 05 ,  PCB 1 1 8, PCB 1 38, PCB 1 53 & PCB 1 80) were reported at AI-Hamriya t 3 .  
Whereas the maximum value of PCB 8 was found at  Al-Hamriya St 1 ( St 4) and of PCB 52 
at Dry Docks (St  7 ) .  The distribution maps also show northeastern trend of increasing. 
On the other hand the major and trace metals show various trends of an increasing. The 
highest concentrations of the studied major oxides inc luding, Si02 was found at Jumeirah 
Beach ( St 8),  Al203, and K20 at Al-Mamzar end ( St 3 ), Fe203 and MgO at Dubal (St 1 0), 
CaO at Jebel Al i  Hotel (St 1 1 ) and Na20 at Dry Docks (St 7) .  The highest concentrations 
of trace elements were recorded at Dubal (St 1 0) for Ba, Cr, Ni and V, whereas Al­
Hamriya St 3 shows the maximum values of Cu, Pb and Zn and the maximum value of Sr 
was found at Jebel Ali Hotel . The mineral analysis revealed that calcite i s  the most 
abundant mineral in Dubai sediments; the aragonite fol lows calcite in abundance. 
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Ba ed n the overal l estimation it can be concluded that: 
1 .  Two distinct geochemical features can characterize Dubai offshore sediments. One 
in the northeastern part and can be described as heavi ly or moderately pol luted 
region. Another one in the southwestern and northwestern parts and can be 
described by moderately, sl ightly or unpol luted region. 
2. Most of the study area is  covered by unpol luted ediments, containing natural 
background levels of organic and inorganic compounds. Only TPH showed wide 
distribution in the study area and that mainly attributed to the nature of the region 
and the production and transport of petroleum. The other pol lutants are 
concentrated at AI-Harnriya stations and Dry Docks. 
3 .  Al-Harnriya S t  3 ( St 6)  represents the most contaminated part i n  the study area and 
the major source of contamination is  attributed to anthropogenic source (man­
made). 
4. The presence of AI-Harnriya Port and Dry Docks in the northeastern part of the 
study area provide reasonable ource of the high level of contamination, taking into 
consideration that the contaminant gradients may occur with distance from a 
source, as concentrations change over time. 
5. Fine and poorly sorted sand tend to have high values of organic substance and 
heavy metals. The adsorption onto fine-grained sediments i s  probably due to the 
larger surface area. 
6. Al-Harnriya St 3 exhibits the maximum values of TOC, TPH, CIN, naphthalene. 
fluorene, pyrene, chrysene, benzo(k)f1uoranthene, benzo(a)pyrene, benzo(a,h) 
anthracene, benzo(g,h, i )perylene, TPCBs ( PCBs 1 05,  1 1 8, 1 38 & 1 80), Cu, Pb 
and Zn. 
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7. The Ie el of TO in AI-Hamri a t 3 is nearly 7 t imes higher than unpol luted 
region in the Arabian Gulf as be recorded by some investigators. 
TPH in AI-Hamriya St 3 shows higher value compared with other heavily pol luted 
areas in the Arabian Gulf. 
9. TOC can be considered as an indicator of hydrocarbon contamination when TPH 
are present in  high concentration. 
1 0. The level of TKN in AI-Hamriya St 3 is about 7 times higher than the value, which 
was suggested as a natural background level .  
1 1 . There is  significant positive correlation between TPH and TOC (r = 0.98 ) ;  
moderately positive correlation is found between TPH and TKN r = 0.6) and TOC 
and TKN ( r  = 0.6), which show the same trend of increasing in the study area. 
1 2. The mean values in Dubai ediments of Zn is about 84, Pb is about 6, Cu is 1 9  and 
of Ni is about 4 t imes h igher than the values, which obtained from unpol luted areas 
in UAE as be recorded by some investigators. 
1 3 . Vanadium, Cd and Mn have been achieved the natural background level . Both of 
Cd and Mn considered as natural constituents of the Gulf environment. 
1 4 . The high values of Ca and Sr are mainly attributed to carbonate mineralogy. The 
minimum values of both Ca and r, which reported at Dubal (covered by mud) 
confirm this suggestion. 
1 5 . The factor analysis reveals the association of Zn, Cu and Pb with TPH and TOC 
. which concluded that these metals are related to pol luted source. 
1 6. The high correlations between TOC and each of Cu (r = 0.87), Zn (r = 0.95 ) and Pb 
(r = 0.86) indicate that the organic matter play an important role in accumulation of 
these metals. 
1 7 . The presence of Zn u and Pb with TPH in absence of V and Ni suggested that 
1 62 
the source of the e pol lutants are not related to crude oil  (natural seepage or damages 
in oi l pipel ines), because V and Ni the largest trace metal constituents of crude oi l .  
1 8 . The negative correlation o f  N a  with TOC, TKN, TPH, Pb, Zn and C u  may be 
suggested, the source of these pol lutants related to fresh water discharge 
( anthropogenic input) .  
20. The variation in concentrations from station to another and the high relative S.D 
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